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vi PREFACE. 


The volume upon Physiological Botany (Vegetable His- 
tology and Physiology) has been prepared by the writer's 
colleague, Professor GOODALE. 

The Introduction to Cryptogamous Botany, both struc- 
tural and systematic, is assigned to the writer’s colleague, 
Professor FARLOW. 

A fourth volume, a sketch of the Natural Orders of 
Phenogamous Plants, and of their special Morphology, 
Classification, Distribution, Products, etc., will be needed 
to complete the series: this the writer may rather hope 
than expect himself to draw up. 

ASA GRAY 


Hauxsanium or Harvarp University, 
Campzipes. 
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widerable upace has been devoted to its appliances and 
methods, This special treatment has been supplemented 
hy a series of practical exercises which the student is 
urged to perform in the order designated. It will be 
swan that in some cases several examples are suggested : 
the beginner is udvived to examine thoroughly at least 
ons of the cxamples under each head. 

Organogeny, the study of nascent organs, occupies much 
of the middle ground between Histology, Morphology, and 
Physivlogy. ‘lhe means by which it is investigated are 
tune of Histology, but its answers are given to Mor- 
phology. Vor convenience, the study of the development 
of each organ of the plant is made to precede the examina- 
tion of its mature state. 

Vagatable Physiology concerns itself with the life of 
planta. Tha appliances of which it makes use are taken 
chiefly from Physica and Chemistry, and facility in their 
employment demands some practical acquaintance with 
those departments. To one who has worked systemati- 
cally in a physical and chemical laboratory, experimental 
vegetable physiology presents little difficulty. To aid the 
work of students whose opportunities for experimenting 
in Physics and Chemistry have been slight, a series of 
practical exercises in Experimental Physiology has been 
added. The appliances selected for these examples are 
not complicated or expensive, and it is hoped that teachers 
and students alike may find their employment practica- 
ble. The Praxis embodies in compendious and conven- 
ient form the directions which have been employed by 
the author in his classes. 

The illustrations of tissues and of apparatus have been 
taken from many sources. They have been selected with 
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reference to the special needs of those students to whom 
the larger works and the current journals are not easily 
accessible. The same rule has been largely followed in 
the treatment of citations from authorities. Where it has 
been possible to do so without too great sacrifice of 
space, the phraseology of the original reference has been 
given. 

In the preparation of this volume the author has had at 
many steps the wise counsel of his teacher and associate, 
Professor Asa Gray, to whom he wishes to make his 
grateful acknowledgments. 

In the proof-reading, verification of references, and In- 
dex, Mr. W. W. Noten, Assistant in Biology, has rendered 
aid of great value. His painstaking and good judgment 
have lightened in every way a formidable and burdensome 
task. 

GEORGE LINCOLN GOODALE. 


Boramio Garpen or Harvarp University, 
Camsnipes, Mass., August, 1885. 
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2 INTRODUCTION. 


8. Three objectives and two eye-pleces, from combinations of 
which magnifying powers of forty to eight hundred diameters 
can be obtained, will suffice for nearly all the histological work 
described in this volume. Two objectives and a single eye- 
piece furnishing powers of sixty to five hundred diameters are 
cei ll eetiancy Paventigatione of alana stractare. Ade- 
quate and convenient illumination is secured by a plane and a 
concave mirror under the stage. If this is supplemented by an 
achromatic condenser, so much the better. The stage, prefer- 
ably thin, should be provided with a perforated revolving disc, 
or other suitable system of diaphragms, by which its central 
aperture can be made larger or smaller. 

4. The student onght, at the outset of his work, to make 
himself familiar with the principal effects which are produced 
in the appearance of the object in the field of the microscope, 
by changes in the amount and direction of the light thrown by 
the mirror. Details can sonretimes be brought out clearly by 
oblique illumination, which are only faintly, if at all, seen in 
direct light. 

5. In general, low magnifying powers are to be preferred to 
higher ones; and combinations of high objectives with low eye- 
pieces, securing a given magnifying power, are always better 
than those in which low objectives and high eye-pieces are used 
to obtain the same enlargement. 

6. The slips of glass, or ** slides,” upon which microscopic 
objects are commonly prepared and preserved, are three inches 
(76 mm.) long by one inch (25 mm.) wide. This is for most 
cases a more convenient size than that frequently employed in 

; namely, 48 x 28 millimeters. The glass should be 
free from color and from imperfections. The preparation to be 
examined under the microscope should be covered with a dise 
of thin glass before it is brought under the objective. Perfect 
cleanliness of slide and cover-giass is absolutely necessary in all 
examinations, and must be secured by the exercise of scrupulous 
care? 


7: Dlenseting: tnebrementss Sharp delicate needles, by which 





1 For cleaning glass perfectly, the following preparation may be ased :— 
Acstrong solution of potassic bichromate to which about half us much con- 


centrated acid is cwutiously added. To this mixture add an equal 
Yolome of water. The glass or cavers, are to be kept in this solution for 
ashort time, and then rinsed in pure water, after which they may 


be dried with cloth or wash-leather, For ordinary use alcohel of usual strength 
answers the parpwe very well. 
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for the different objectives and for the length of tube has been 
determined accurately, it is usually preferable. 

The values of the spaces in the eye-piece micrometer are 
ascertained by comparison with known values of the spaces on 
a standard stage micrometer; for example. if one space in the 
eye-piece micrometer corresponds to five spaces of the stage 
micrometer, and the latter has a value of one thousandth of a 
mnfllimeter, each space of the former equals five thousandths of a 
millimeter. 

The unit of microscopic measurement is the * micro-milli- 
meter.”! one thousandth of a millimeter. It is expressed by 
the Greek pu. 

12. Drawing. An image of the object under the microscope 
may be cast by reflection upon paper at the side of the micro- 
scope, by means of a Camera lucida. Several forms of the 
Camera lucida are adapted to use with the tube of the micro- 
scope in a vertical position, and are more convenient for the 
majority of cases coming within the scope of the present work. 
Oberhauser's, Milne Edwards’s. and Abbe’s are of this kind. 

13. Polarizing apparatus. ‘This is of great use in the exami- 
nation of certain contents of cells. It consists of two Nicol 
prisms, one below the stage of the microscope and receiving 
the light which is reflected from the mirror, the other in the 
eye-piece. Upon turning one of the prisms, distinctive op- 
tical characters, not otherwise seen, are presented by grains of 
starch, cte. 

14. Media and reagents. The fluid in which a microscopic 
specimen is submitted to examination is technically known as its 
medium. Chemical agents subsequently added for the purpose 
of producing changes by which the chemical character of the 
objects may be recognized, are termed reagents. Some of the 
inedia, however, in common use produce characteristic changes 
in certain cases, and might be as truly referred to the latter 
class as several of the reagents themselves. The substances in 





1 For convenience of reference, the following table of comparative measure- 
ments is given :— 
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Upon cooling, a slight sediment is deposited. After filtration 
from this sediment the liquid is evaporated to dryness, and 
afterwards dissolved in water in the proportion of 1: 100. 

Another formula is: 1 gram of carmin and 4 ¢.¢. of concen- 
trated ammonia are mixed with 200 c.c. of water, and 5 grams 
of picric acid then added. After nearly complete solution the 
clear liquid is poured off, and exposed to the air for some weeks. 
The red powder left after this slow evaporation is to be dis- 
solved when required in water in the proportion of 2:100, and 
the solution filtered through two thicknesses of filter-paper. 

Cochineal, the substance from which carmin is prepared, may 
be used in aqueous extract, or with alum. The formula for the 
preparation with alum is given as follows: Rub to a fine powder 
one gram of cochineal with one gram of burnt alum; mix with 
100 c.¢. of water, and boil down to 60 ¢c.c. When cold, filter the 
solution several times, and add a few drops of carbolic acid. 

90, Hematoxylin (a dye obtained from logwood) is used dis- 
solved in alcohol, or alum-water, according to circumstances. 

Frey gives the formula: 1 gram of hematoxylin is dissolved 
in absolute alcohol. This solution is added, drop by drop, to a 
three per cent aqueous solution of alum, until it becomes deep 
violet in color. After exposure to the air for a few days, it is 
to be filtered, and is then ready for use; but a fresh filtration 
will be found necessary after a time. Poulsen advises that a 
few drops of a ten per cent solution of alum he added to an 
aqueous solution of hematoxylin (.35° gram in 10 c.c. water). 

Aqueeus extracts of several other dye-woods can replace 
hematoxylin in some cases, but they have no advantage over it. 

91. Picric acid (trinitrophenic acid) in aqueous solution is 
valuable for staining and hardening protoplasm. It may be 
used alone, combined with carmin (see 89), or with nigrosin. 

92. Alkanet-root (alkanna) in alcoholic solution tinges resin- 
ous globules and serves to prepare for cutting specimens which 
contain them. The method of use is described under ‘* Resins.” 

93. The coul-tar colors. Under this name are comprised the 
anilin derivatives and a few others of a slightly different origin. 
The following table will indicate to some extent the changes of 
color which may be expected when these dyes are used with 
tissues which have a marked acid or alkaline reaction. But it 
should be observed that the names of several of the dyes are 
loosely applied. and that the dyes made by different manufac- 
turers are not always of the same character or strength. All of 
the dyes mentioned below are soluble in water and alcohol. 
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138. Bordered pits are a very common modification of the 
last. A comparatively large spot remains unthickened, but 
heeomes covered by a low dome which has at its top a small 
aperture; at a corresponding point of the wall of the neighbor- 
ing cell another thickening produces a similar dome, so that the 
two domes constitute a double convex body which appears as 
a dise with a central perforation, These bodies are known as 
discoid markings. 

134. Sometimes the spot covered by the arched projection or 
dome is elliptical instead of round, When this kind of marking 
becomes linear, or nearly so, it is termed scalariform. 

135. When annolar and spiral thickenings occur the cell-wall 
lying between them remains so thin that a slight strain suf- 
fices to break it, releasing the rings 
and coils. The number, the diree- 
tion, and the steepness of the spi- 
rals furnish in some cases dingnostic 
features. 

186. Besides spirals and rings, 
there are intermediate forms, which 
pass casily over into netted or reticu- 
lated thickenings. It happens some- 
times that the reticulated markings 
are so regular that their interspaces 
Appear as regular polygons. 

187, The external sculptaring of 
the cell-wall can be seen in many 
pollen-grains, and in the hairs of 
many plants, though in the latter 
ease the projections may be partly 

rt due to irregularities in the form of 
the cell. 

188. Stratification and striation. The cell-wall, even at an 
early stage. frequently exhibits a distinctly stratified structure. 
Tn some cases, at least, removal of all the water which forms a 
constituent of the wall obliterates every trace of stratification, 
and this fact supports the hypothesis that the appearance of 
lamination is caused by differences in the amount of water con- 
tained in alternating layers of the wall. The less strongly 
refractive layers are supposed to contain more water than those 
which are highly refractive, But there are cases of stratification 


‘Fro, 4 Annular and spiral markings; vertical section through stem of Tradescantia 
pillow, (Jacobe.) 
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44, The principal modifications of the cell-wall are the fol- 

(1) Partial or complete conversion into mucilage (Gelatina- 

tion); (2) Lignifieation; (3) Cutinization (or Suberification) ; 
(4) Mineralization. 

145. All of these, except the first, change the chemical char- 
acter of the cell-wall only by what may be regarded as infiltra- 
tion; upon removal of the infiltrated matter by means of proper 
agents, the cellulose basis of the wall is left behind with very 
little if any change. 

146. It sometimes happens that one part of the membrane of 
a cell, or even one of its layers, may be modified in one way, and 
another in another; it is also possible for the same membrane to 
undergo two of the changes above mentioned ; namely, Lignifi- 
cation and Mineralization, 

147. The mucilaginous modification, Commonly the cell-wall is 
not much changed by immersion in water. It may become more 
nearly transparent, but its size and density are not essentially 





(8) Soluble in sulphuric seid, insoluble in cuprammonia (unless previously 
acted on by acids or alkalies) ; #91, dhe pith, and medudlary rays of tools, 

1) Soluble in concentrated sulphuric acid ; insoluble in caprammonia, bat 
Deooming soluble in this upon previous treatment with Schulze’s macerating 
liquid ; ¢. g., wood-celis of grine, oak, yew, eto. 

45) Insoluble in concentrated sulphuric acid and cuprammenia, but eolnble 

in “tig sn ‘psioee hydrate; ¢. y, eutiele, and the outer layer of 
the membrane of older 


U. Topixe Reacrioxs. 


1) With iodine snd water, a blue color ; dfclen-flaments, ots 

(2) With iodine and water, no color ; Tetigivtog a bloe flat with iodine and 
‘a metallic iodide ; or when iodine is followed by sulphuric acid ;— 

AL Thin-walled Parenchyma (which will often turn blue when a pure iodine 
solution acts with repeated drying), older Purrenchyma, the inner port of thieh- 
ened wood-cells of Pinus and Abies, anid the bast-fibres of hemp. 

B. Only when the reagents baye been preceded by the application of nitric 
acid: atl membranes in the interior of the plant, ¢ g., the outer part of wood- 
cells und ducts, the brown calls which surround tho vascular bundles in 
ferns, ete. 

©. Only when the reagents hare been preceded by the use of boiling potassic 
hydrate: cork, ete. 

Acconding to Frimy and Urbain, the substances which form the skeleton of 
Plants are principally peetose and derivatives from it, cellulose and its isomers, 
Ve aii ei ‘These four groups are thus distinguished from one 


Sry ishias hed ve po sllity Cebvciite H ctaneed kta goctl acda, end 
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addition of water, this cavity becomes more clearly defined, the 
whole mass of the cell swells, and the mucilage can then be 
made out as a distinctly 
stratified structure belong- 
ing apparently as much to 
the outer as to the inner 
face of the cell-wall, But 
if the action of water is 
prolonged, the stratified ap- 
pearance vanishes, and the 
wall hecomes optically ho- 
mogeneous, with the excep- 
tion of its middle portion, 
the so-called primary mem- 
brane, which remains un- 
changed. On the addition 
of fodine and sulphuric 
acid, the primary membrane, but not the mucilage, becomes blue. 
Furthermore, the lateral walls of the cells are not converted 
into macilage. 

150, The tmucilaginous modification can be examined to ad- 
vantage in the seeds of some Polemoniaces (especially Collomia) 
and a few Acanthacew, ¢ g., Ruellia. These seed-coats are 
covered with hairs which break open when wet, and allow not 
only the mucilage but also slender coiled threads to escape. 
The achenes of some Composite of the Senecio group and the 
nutlets of a few Labiate (the Salvia tribe) exhibit nearly the 
same phenomenon. 

151, Lignifleation, Induration of the cell-wall is caused 
most commonly by the presence of an inerusting substance 
Known as lignin. Owing to the difficulty of separating it from 
the cellulose, with which it is associated, its chemical composi- 
tion must be regarded as uncertain. Although generally spoken 
of as a single substance, it is probable that the lignin, or in- 
crusting matter, is made up of several different substances,’ 





! Payen (Mém. des savants dtrangers, ix., 1848, pp. 68, 5) distinguished 
four such inerustiug matters, differing in their composition and in their be- 
havior to solvents. Lignose: insoluble in water, alcohol, , ether, and ammo- 


alcohol, and ether; soluble in ammonia, potas, and soda. Lignin: in- 
solute in water and ether; soluble in aleohol, ammonia, potassa, and soda. 


‘Fio. 5, Section of the albumen of Ceratonis silique, showing muctinginous moditien- 
i 
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any marked advantage over that which gives nearly the same 
color, namely, phloroglucin. 

155. By the employment of these reagents many cell-walls 
have been shown to be distinctly lignifled when the older re- 
agent — iodine in solution — failed to detect the change. 

156. Cutinization, Ordinary and lignified cell-walls, and those 
which have undergone the mucilaginous modification, absorb 
water freely, On the other hand, the walls of certain cells found 
chiefly on the exterior of organs are repellent. ‘The substance 
which imparts the repellent character to the cell-wall is known 
as cutin; when restricted to cork it is called suberin. 

157. Cutin and suberin have been described as different sub- 
stances ; but although the former is more generally associated with 
waxy matters, its reactions are essentially the same as those of 
suberin. The water-proofing of the cell-wall may be superficial, 
as in most young epidermal cells, or it may affect the whole 
structure of the wall, as in the case of cork, If a distinction is 
made between the two states, the first may be termed cutiniza- 
tion, the second, suberification. 

158. Cutin can be removed from the walls with which it is 
associated, by the use of Schulze’s macerating liquid, subsequent 
treatment with potassa, and careful washing. It is sometimes 
necessary to heat the section in potassa before the cellulose can 
be completely freed from the other matters. 

159. Hohnel! bas shown that the wall of a cork-cell, with 
‘the exception of the young cork-cells in Conifers, is composed of 
five plates: (1) a middle plate, common to the two contiguons 
cells; (2) two plates, one on each side of the latter, consisting 
of cellulose which is both eutinized and lignified ; (3) two plates 
of cellulose forming the inner lining of the respective cells. The 
Jatter plates may be more or less lignified. Differences in the 
relative proportions of these constituent plates give rise to dif- 
ferences in the character of different kinds of cork. 

160. As in the case of lignin, the difficulty of extracting eutin 
renders its chemical composition doubtful. It is usually given 
as follows: — 


arhon® “Se 73-74 per cent 
Hydrogen 2 2 2s 0 ee 10 “a 
OMe FEM Pears sh oe 7-16 


But there is also a trace of nitrogenous matter demonstrable; 
this probably belongs to residual protein matters which are in 





2 Bitzangsber. d, k. Akad, Wien, Bd. Lxxvi, 1 Abth. 








40 THE VEGETABLE CELL IN GENERAL. 


appear to be much like the sphere-crystals described in 186. But 
‘if they ure carefully treated with dilute hydrochloric acid, the 
chief part of the coneretion disappears, leaving behind a delicate 
trace of cellulose which was intermingled 
with it, That this cellulose was an in- 
trusive growth into the cell from the 
wall, is shown bya study of its develop- 
ment. In most eases such concretions 
(Cystoliths) are plainly stalked, but in 
WM some instances they are only obscurely 
stalked, and are with difficulty distin- 
ol Hag guished from the ordinary cell concre- 
i tions. In the leaf of Ficus elastion (uee 
mUDNNE Fig. 6) they are more completely devel- 

) oped than in any other common plant. 

165. Other changes, chiefly those of 
degradation, may take place in the cell- 
wall, giving rise to products variously 
known 4s gums, resins, &c.: but in all these cases there is suck 
a commingling of the cellulose derivatives with those formed 
from the contents of the cell, that they cannot be readily dis- 
tinguished, 

166. Protoplasm, as was shown in the previous sections, gives 
tise npon its exterior to the cell-wall. Inside the cell, likewise, 
it produces, either directly or indirectly, various substances, In 
the present chapter these substances are to be considered only so 
far as relates to their detection and identification. Most of them 
are to be examined later, with reference to their oflice in the life 
of plants. 

167. Plastids, In the protoplasm of active cells certain gran- 
ules having substantially the same chemical and, with the excep- 
tion of their color, the same physical properties as protoplasm, 
are clearly differentiated. They are imbedded in the general 
protoplasmic mass, and are not separable from it by mechanical 
means, 

168. Such granules may be conveniently referred to three 
types.? depending upon the color: (1) those which are green, — 


1 Recent investigations rendor it probable that these three kinds of granules 
are derived frum 3 common sonree, and although jurdly distinguishable from 


Fio, & Cystellth from the upper part of @ leaf of Plone elastica. LM mc: | 


Sureotermes ee, eyeballs: etl ‘oh. colle containing eliierophy!! Tt will be 
ee wppears to be attached to the lower wall of the upper 
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exterior adelicate film. Meyer believes that the coloring matter 
takes the form of grains of extreme minuteness which are inter- 
Spersed through the whole substance, while ‘Tschirch bolds that 
the pigment, dissolved in a liquid similar to the ethereal oils, is 
diffused through the mass. 

171. If starch is present in large amount in ch 
iodine causes at once a deep bluish-brown color; but if the starch 
is not very abundant, the characteristic blue reaction is concealed 
by the yellow produced by the protein reaction of the protoplasm. 
Hence it is well, after having removed the chlorophyll pigment 
by alcohol and subsequent washing with water, to treat the speci- 
men with moderately strong potassic hydrate in order to dissolve 
the protein matters. If this has been well done, and the speci- 
men carefully freed from the potash, the protoplasmic mass and 
its imbedded granules will seem to have completely disappeared ; 
bot the skilful use of oblique illumination will show that an un- 
dissolved trace of something having the former contours remains 
behind. Application of iodine brings out minute blue points 
where the granules were. 

Chloral hydrate of the strength recommended in 53 may 
replace potassic hydrate in this examination. 

172. The starch in chlorophyll granules is sometimes wholly 


within the granule; bat it is ocea- 

eS sionally — especially in the case of 

@ flattened granules — found on their 

0 exterior, forming a noticeable pro- 
brole = 

178. When « plant containing 

chlorophyll granules is kept for a 

time in darkness, the production of 

starch is arrested ; and if other forms of activity continue, even 


that starch which has already accumulated in the granules soon 
disappears. Furthermore, the 


color of the granules is changed 
from green to yellow : and if the 
change is not arrested at this 
point by bringing the plant 
again into the light, all the 
granules will break up and be- 


Someapparmallymerged inthe Mo the 
Fw. 6. Fa. 6, CHicropliyi) erabatee wi!b protrailing atarch-graina From tbe cortex ot From the cortex of 


Fra. a. Prom the i ot Batodandroe jum. Young cell with 
pan (fda oy eu rh gh torres grandifot jfoung amyl~ 
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protein crystal-like bodies, and the protein basis or stroma in 

which all of these are held. 
‘The protein basis sometimes, if not always, appears to consist 
of two substances, differing in their solubility in water, and com- 
mingled as granulose and 


cellulose are in  stareh« 

O- granules. While the pro- 
oo tein basis is generally very 

7 soluble in water (not per 


se, but owing to the pres- 

ence of potassic phos- 
phate), the Sd crystals are insoluble, or only slightly affected 
by it, usually becoming more or less swollen. After solution of 
the protein basis has taken place, a delicate membrane is left 
behind, and through this transparent film the protein erystals 
are clearly seen. The relative amounts of protein basis and 
protein erystals vary widely ; in some cases the former appears 
to be wanting, the latter wholly filling the interior of the mem- 
brane. Such crystals appear in potato-tubers in the form of 





small enbes. Protein erystals of great beauty are easily dem- 
onstrated in the endosperm of the common Brazil-nut (Ber- 
tholletia). Very instractive phenomena are presented when 
different sections of the seed are subjected to the following 
Scolds (2) osmie acid (one per cent solution) ; (2) hamatosylin 





~Fr0.44, Binge rotate grenules treatod asin Pig. 12. 89°, (Pfeffer) 

Fia.15. Protein granules from Silybain marianum, Tn the poll an the loft they have 
exyatulline contents; in that on tho right, globolds. ‘This section was taken frou the 
cotyloans of a dormant seed, nnd aftor érestinent with mercuric chlorhle In aloohol waa 
Placer! in water. p. [ Pfeffer.) 

¥i0- AT oath Real i aentadle aval rd ar heat ite > 
Ayttrate nm hydrochloric acid, m= nucleus. *7*, 

Pie 1 a wm io ta einai mt wl non par te 
mgcr’ Pheer, ‘The protein granules have disappeared, but their contents are recognizable. 

mi a 


Pie. 18, Sitybum mertannm. Cell from the cotyledon ofa nearly ripe seed In which 
‘the formation of protein granules has Just begun 87". (Pfeffer) 
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im concentrated glycerin; (3) concentrated potassic hydrate, 
added afterwards, Permanent preparations of pro- 
tein crystals ean be made by first acting on the section with 
mercuric chloride for a day or more, washing in water, staining 
Oe ener hel err geet ae 
Sen = gaaeagpan associated with the protein crystals 
in protein are either =, 
8@ @ 


(1) amorphous or globular con- 
nde wat’ 
60 


compesition, ae also known as Alewrone grins. 
Is are wenerally termed erystalloids* For an 
tion of protein granules in seeds, see pages 


}, the principal form in which the elaborated food 
2 is held in reserve, occurs as minute spheroidal or 
polyhedral granules. Under a suf- 
ficiently high power, and with 
proper management of the mirror 
of the microscope, the single gran- 
oles exhibit an appearance of 
stratification which is sometimes 
very distinct, but more commonly 
obsenre; in the latter case dilute 
chromic acid can be used to ren- 
der the stratification plainer. The 
. layers of stratification are ar- 
und a point, —often very eccentrically, as in potato 
at protein crystals have, a4 a rule, less constancy in thelr « 
Sash taken together with the fret of thelr aed 




















ee etistk Kass Shey Seren more slecly fn 
characters with ongenic structures than with ordinary 

der deutsch, hot. Greellsch., 1884, p. 92). 
eae In the ground mais are very murnerons 
‘ are compeand starch-granoles, bat others are 


The rhombic granule hae hnedly any envelope. 
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starch, or with great regular- 


ity, asin wheat. ‘Phis point is 
known as the nucleus, or hilum. 
If two or more nuclei are dis- 
cernible, the granule is said to 
be compound, 
3 Occasionally many small sin- 
gle granules cohere slightly to 
form an aggregate which can be easily broken, According to 
Wiesner, there may be as many 
as $0,000 granules in a single 
aggregate of this kind. 

Both simple and compound 
granules may oceur in the same 
cell, but some plants have only 
simple, and others only com- 
pound granules. Canna and 
Carcuma may be cited as exam- 
ples of the former; Jatropha, of 
the latter. 

Since starch occurs in every 
plant in all stages of development, the size of the granules must 

be extremely variable. Nevertheless, a 
statement of the more common limits may 

g Ng aid in their identification. 

Wiesner gives the following limits of size 
for some of the more common sorts of starch, 


@,2 first grouping them into small, medium, and 
8 @ large granules. 


Small granules (from 0.002 to 0.015 mm.) : 
as the simple granules of rice, oats, buck- 
wheat; also the smaller granules of wheat, rye, barley, ete. 

Medium granules (from 0.02 to 0.05 mm,): as the compound 
granules of rice and oats, the larger ones of wheat, rye, and 
barley, the simple granules of Indian corn, and of the common 
leguminous plants. 

Large granules (distinguishable as granules to the naked eye) = 
as the simple genie of Curcuma leucorrhiza, Canna edulis, 
potato, ete. 

Sts athe mopar part soll Yin starch peorabeecmylogece bey balows,# 


Schimper.) 
10. 2h Cale frean potste-tibec, showing stareh-grenniee (Sehmidt.) 
Po, 3. Starch-granules from sarsapariila, (Berg aud Schmldt.) 
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form which are distinctly radiating in structure. Occasionally 


184. The carbohydrates dissolved 
im the cell-sap may be grouped in two 
classes; (1) those which are isomers 
of cellulose (7. ¢., have the same per- 
atage composition, C,H,,0,), and (2) the sugars. 
1. The isomers of cellulose are mucilage, gums, and dextrin, 
all of which are probably derivatives of starch. Various sub- 
s between them have been described, but the 
above are all that need now be taken into account. (a) Mucilage, 
when not plainly resulting from the breaking up of the cell- 
wall, is colored red by rosolie acid, and the color is not readily 
removed by alcohol. (4) Zhe gums, of which cherry gum 
may be taken a5 an example, are not tinged by rosolic acid. 
(c) Dextrin can be detected by Trommer’s test, which Sachs ap- 
plies as follows: a section which is at least a few cells in thick- 
ness is placed in a porcelain capsule with a strong solution of 
pric sulphate, and the liquid is heated to boiling ; the specimen 
‘washed in water, and dipped at once in hot potassa, 
If the cells contain either dextrin or grape-sugar, there will 
, appear a reddish precipitate, ‘To discriminate be- 
een ¢ n and , it is morely necessary to keep 
portions of the plant to be examined in 90 or 95 per cent alcohol, 
which will dissolye out the sugar and leave the dextrin, if any 
pinay 
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L Splueroerystals of tnulin from root of Clehory trested with alcohol. *f2. 
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is present. Usually all the grape-sugar is extracted in a day 
or two, 

2. The sugars. Grape-sugar has been just referred to as 
giving the same reaction as dextrin with Trommer’s test. Its 
formula is C,H,,0,. Cane-sugar, which has the formula C,H,,0,,, 
gives no red precipitate with the same test, but the liquid in the 
cells becomes bright blue, and quickly diffuses into the potassa. 

185. Crystals are of such general occurrence in widely differ- 
ent orders of the higher plants, that there are perhaps none 
in which they may not be detected. They have been found in 
nearly all parts of the vegetable stracture, more commonly in 
the interior of parenchyma cells, sometimes in specialized crys- 

occasionally in the very substance of the cell- 
wall. They occur cither singly or in groups ; either separate or 
barely coherent, or in various degrees of combination. 

When solitary and simple they are usually octahedra or 
prisms, and their aggregations are combinations of these. Good 
octahedral crystals are afforded by the petioles of Begonia; 
examples of the prismatic form are found in the outer scales of 
onions, in orange leaves, in the inner bark of maples and apple- 
trees, and in most of the tissues of Iris and its allies. 

When the prisms are very long and slender their angles and 
faces are seldom well defined* Indeed, the most attenuated 
forms are usually terete, or slightly flattened, and taper gradually 
toa point at both ends. To these De Candolle long ago gave 
the name Raphides, — that is, needles. These are generally 
massed in a compact bundle, like 2 wheat-sheaf, occupying = 
large part of the interior of the containing cell. 

Raphides are by no means of such general occurrence as 
are ordinary crystals, but (as Gulliver has pointed out) are 
seemingly restricted to certain orders.‘ They are universal in 
Aracer and Onagracer. In the common Aroms and Callas, 
taphides-bearing cells may readily be found in the parenchyma 





} Pringsheim's Jahrb., ili, p. 187. In the Sitvangsber. dk. Akad. Wien, 
for 1859, Sachs hus given colored figures illustrative of these reactions, 

* When the longer prisms are clearly defined, they aro referable to the mono- 
olinic system. Measurements of angles are given by Holzner, in Flora, 1864, 
p. 202 A paper by Bailey (Am. Journ. of Sc. and Arts, vol. xIviii., 1845, 
SY Rane chy erie 

hie, 1827, p. 125. 

Due tee taasaad ioral plants of all the more important 
onicrs of the British Flora, with respect to the cecurrence of diagnostic erys- 
tals (Annals and Magazine of Natural History, 1863 to 1867). 
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of the leaves, and detached entire; on becoming turgid when 
wetted, they will usually discharge their raphides one by one 
from one or both ends of the cell until the bundle is almost 
exhausted. 

186. When the ordinary octahedral or prismatic crystals 


are 
combined, they 


mass. 
ach aggrega- 
are of two 
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tinetly radiated structure (Fig. 36%). Good 
the former are abundant in the foliage of Chenopo- 
and the stems of Cactacew. Clusters belonging to the 
stellate, type are not uncommon in Malyacer. Both 

been termed Spheraphides* and Sphere-crystals. 
cystolith, sometimes improperly applied to them, 
wholly restricted to the peculiar bodies described on 


: 


i 


& 


Owing to the mechanical difficulty of isolating plant- 


3 
#s 


1 Turpin (Annales des Sc, nat., str: 2, tome v., 1836) described the raphides- 
Resta sole of Caladium, in which this discharge takes place, under the name 


biforines. 
4 “They are most irregularly scattered through the tissues of the plant. 

~ » « I have never failed to find them in a single species of the order Caryo- 
Gerinincem, Lythracem, Saxifrigncer, and Urticacem, and believe 

That few if any orders could be named in which spheraphides do not exist ms 


‘Fig. 36. The more important forms of cryntals of calcio oxalate: o, threo cells from 


the fea of Allium Copa; ¢, from the Inner bark of Azsculns Hippoeastanum ; 
ete ores poesteias g, & onl Ca pena Si Guat Dlg Beard at 
Arisuloa; 4, a single crystal H 
tr - same, more magn! 4, spharo- 
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erystals for examination, their chemical composition has not yet 
been determined with certainty in all cases, That a protoplas- 
mic film usually envelops both solitary and aggregated crystals, 
can be shown by the method pointed out by Payen;! namely, 
hy dissolving the crystal slowly in very dilute nitric acid, and 
testing with iodine, when the film will become yellowish-brown, 
Tt has also been made out beyond question that some crystals 
haye a considerable admixture of cellulosic matter, and that a 
few others are covered by a membrane of cellulose.? But these 
two substances do not obscure the chemical reactions in ordinary 
eases, by which it has been shown that the larger number of erys- 
tuls consist of calcic oxalate, after which, in frequency of occur- 
rence, comes the carbonate of the same metal. These two salts 
can be easily distinguished from each other by the following 
simple tests; — 





Since these two salts may occur in the same specimen, it is best 
to use acetic acid first; by this agent all traces of the carbonate 
are removed, and hydrochloric acid can then be applied in order 
to detect the presence of oxalates. Sanio* and Holzner have 
shown conclusively that many crystals which have been supposed 
to be calcic carbonate consist merely of the oxalate. 

Crystals of calcie sulphate have been reported as occurring 
in certain Musacem,‘ in the bark of the willow, in the roots of 
aconite, bryony, and rhubarb; and also in the root of a young 
bean.’ Calcic phosphate is said to have been detected in the 





3 Payen : Mém. des savants étrangers, ix., 1846, p. 91. 
3 Rosanoff (Bot. Zeit., 1885, 1867), Crystals in pith of Ricinus and Kerria. 
nie Aion A Sigel a, Yona gets an UP Sh aa 


‘Sanio: Monatsber. Berliner Akad., ae 
Van : Traité de Botaniqne, 


thay undergo no hangs Jute, ry 1867, p26). 
‘ ; 
5 Sitzangs! a Woe ok, 1859, p. 106, 





CHAPTER Il. 


CELLS IN THEIR MODIFICATIONS AND KINDS, AND THE 
TISSUES THEY COMPOSE. 


190. Witte cryptogamous plants of the lower grade may 
consist of single cells, or of « series or stratum of simple and 
undifferentiated cells, phaenogamous plants, although equally 
simple and homogeneous at the initiation of each individual, 
develop into a more complex organization, at an carly period 
differentiate some of their cells into peculiar kinds, multiply the 
kinds into tissues or fabric, and of these build up the organs 
and parts which are familiar in ordinary vegetation. 

191. The microseropieal study of the parts even of a single 
herb or tree, and much more that of a variety of plants, reveals 
numerous forms or kinds of cells, and also (as might be expected 
from their common origin) brings to view series of gradations 
between the kinds, sometimes even between those which are, 
upon the whole, widely differentiated from each other. While, 
therefore, a general classification of the cells of any ordinary 
plant into kinds is easy, any classification which shall satis- 
factorily exhibit our present knowledge of the histological ele- 
ments, and discriminate their varieties, is very difficult, if not 
at this time practically impossible, At least, it mast be said that 
the most recent classifications are based upon considerations 
of a character too recondite and special to be mastered at the 
beginning by an ordinary student. 

192. The most general and obyions division of the histological 
components of a stem, root, or leaf would be into, (1) funda- 
mental or typical cells, and (2) transformed cells, The first are 
those in which the normal cellular character persists without pro- 
found, if any, alteration or disguise ; as in the pulp of leaves, the 
pith of stems, and in a portion of the bark. The second are those 
which assume or affect Iengthened or fibrous forms and a longi- 
tudinal deyelopment (at least in all axes, and commonly in leayes 
and other expanded organs), and, combined into threads, fasci- 
cles, bundles, or more massive structures, constitute the frame- 
work, which imparts solidity and strength throughout, Some 
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took this name, and this is indeed typical parenchyma; but the 
name rightly includes, as species or varieties, thicker-walled and 
even solidified tissues composed of cells similar in other respects 
to the type, as those in the hard endosperm of seeds, 

198. A counterpart name, Prosenchyma, was employed to 
designate tissues formed of elongated cells, such especially as 
wood-cells and bast-cells. These being usually thick-walled, 
and those of typical parenchyma thin-walled, this character was 
brought into the definition; that is, cells of prosenchyma were 
said to be thick-walled as well as long and narrow, those of 
parenchyma thin-walled as well as isodiametric. But this dis- 
tinction does not bold out well. All fibro-vascular tissues are 
thin-walled at first, and some remain so; while portions of pure 
parenchyma may become thick-walled, firm and hard, or take on 
every intermediate condition. So that prosenchyma may be best 
held to denote tissue of the fibro-vascular system, and typically 
that formed of wood-cells.* 

199. An explanation of the mode of production, multiplica-~ 
tion, and transformation of cells is deferred to a later stage. 
Suffice it here to advert to the fact that every phenogamous 
plant, originating in the seed, begins as an isolated cell, which 
develops into a globular cluster of parenchyma cells, and grows 
into the embryo or rudimentary plantlet, taking on the shape and 
degree of development characteristic of its kind. In embryos 
which are considerably developed in the seed, the axis and be- 
ginnings of the leaves are already outlined or rudimentarily 
indicated there ; in others the indication takes place in the early 
stages of germination. 

200. From this if not from an earlier period development 
is no longer homogeneous, A superficial layer of the common 
parenchyma becomes distinguishable as the epidermis; while in 
an inner zone, or at special points, certain cells develop inte ducts 
and wood-cells (prosenchyma), and thus are initially delineated 
the outlines of the systems or regions which are to characterize 
the whole growth; namely, —taking a dicotyledonous embryo 
for the type, —an epidermal layer, a cortical layer, a fibro-vascu- 
lar zone, and a medullary portion. As stem and root develop, 
these primordial tissues complete themselves and have only to 
go on growing, each after its kind; but at the developing points 
(apex of the stem and of the root), as also in special portions or 


1 Ju dem Prosenchym im weitern Sinne kiinnen wir auch die Geffise 
rithion” (Nageli : Beitrage, i. p. 2}, 
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209. Thin-walled parenchyma cells play an important part in 
assimilating and storing, and special names are given to cells 
which have these offices, such as chlorophyll parenchyma, starch 
parenchyma, etc. In the tissues of most succulents, and in the 
leaves of a few plants, some of the parenchyma cells are filled 
with clear sap and more or less mucilaginous matter, and con- 
stitute the so-called water tissue. 

210, The walls of typical parenchyma cells consist of ordinary 





cellulose ; but even slight deviations from the type furnish good 
illustrations of lignified and of cutinized membranes. 

211. Lignifieation may increase the thickness of the cell-wall, 
greatly reducing the cell-cavity, or it may merely harden the 
membrane without much thickening. The parenchyma cells 
found associated with other elements in woody tissues have 
walls of the latter character; the grit-cells in pears and many 
other fruits show good examples of the former, Such hardened 
cells are called sclerotic parenchyma cells. 


Fro, 40. Selorotic parenchyma cells from fruit of the pear, (Weiss) 
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sented by the parenchyma cells just under the epidermis, or 
outer layers of cells, in many plants. The cell-wall is thickened 





very considerably at the angles, and upon the application of 
dilute acids swells greatly, bat without becoming clearly muci- 
laginous. When moist, 
such cells have a bluish- 
white color and a marked 
lustre. They are known 


a8 

216, Collenchyma cells. 
‘They are generally some- 
what elongated, and so 
united as to form threads 
which possess great 
strength, and are believed 
to serve an important me- 
chanical office in the plant, 
Good examples of these 
are afforded by the stems 
of many Umbellifers. 





EPIDERMIS. 
217. This is the outermost layer of cells covering the sur- 


face of the plant. In some of the higher plants it persists with 
little change throughout the life of the organism ; in others it is 





i043, Parenchyma with walle which have undergone the gelatinous modification: 
from the centre of he style of Salvin scabloaefiliny , frum the stigma of Geaneria 
elongata, (Capos) 

Fra. 1. ‘Transverse motion of root-stock of Smilacina bifolia, showing: 
colls juat under the epblermis, qe. Note also the ordinary parenchyma at pe, and the 
endodermts at ap. (Van Tieguem.) 
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of the reagents, According to de Bary,' the cuticle merely 
covers the pure soft cellulose membrane of the epidermal cells - 
when these are thin-walled; but when the walls are thicker, 
especially in epidermis which is long-lived, that part of the cell- 
wall which borders on the cuticle becomes infiltrated with cutin, 
and thus there arise one or more layers of modified cellulose, 
each of which exhibits the reac- 
tious of cutin. When such cells are 
treated with warm potassic hydrate 
(a ten per cent solution is, on the 
whole, strong enough), the eutin is 
slowly removed, and the cellulose 
wall remains, although with con- 
siderable loss of substance. Walls 
which are thus impregnated with 
cutin in strata form cuticularized 
layers? The management of a 
warm solution of potassic hydrate, 
in order to obtain satisfactory re- 
sults in the demonstration of the 
- fine stratification, demands much 
care. It is advisable to apply very 
gradual increments of heat to the 
glass slide in the case of the more 
delicate specimens. 
225. Waxy and resinous matters 
- are frequently associated with the 
cuticle. In some cases the amount 











1 Vorgleichends Anatomie, p, 80, 

nina ata inte awn, otis ae te Dacly cea eee 
cases by the application of chloroiodide of zinc, which imparts a yellowish 
color to the thick film, except at its outer surface, Moh) explained the struc- 
ture of the exposed cell-wall in Viscum album, where the film is very thick, 
as follows : “The epidermis cells consist here of two or three generations 
enclosed ono within another, of which all tho thickened walls on the outer 
side have become blended together into a membrane composing the cuticle. 
‘These layers are to be called the cuticular layers of the epidermis, to dis- 
tinguish them from the mass secreted on the outside of the cells, the true 


‘Fro. 46 Transverse section of the leaf of Aloe verracoss: a, section in water, — the 
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the leaves of many species of Peperomia, Ficus, and Begonia. 
Maltiple epidermis is not always of even thickness throaghont; 
sometimes a portion may be only one or two cells thick, while 
adjacent portions are composed of many layers. Such differ- 
ences are generally associated with the occurrence of stomata, 
hairs, ete. The subjacent cells in some forms of maltiple opi- 
dermis are smaller than those above them, and in these cases 
the arrangement of the cells in the successive layers presents 
striking inequalities. 

250, Trichomes. Under 
this term are ineluded the 
multifarious forms of bairs, 
scales, bristles, and prickles. 

Hairs are sometimes of 
diverse forms on the same 
plant, and even on the same 
part, but sometimes so pecu- 
liar and uniform throughout 
large genera, or even orders, 
that they aid in their iden- 
tification; as, for instance, 
in Malpighiaces, Loasacer, 
and Eleagnaces. 
231. Simple hairs, whether 
branched or unbranched, are 
formed by the prolongation 
of a single epidermal cell, 
either slight, forming a 
mere Lapping inhi = 
length, as in the so-called 
fibres of cotton. Simple 
hairs are abundant upon the 
rootlets of most plants at a 
Jittle distance behind the ad- 
vancing tip, where they play an important part. 

282, Compound hairs are of all degrees of com- 
plexity. They may start from a single cell, or from - 
a group of cells, and may have the derivative cells 
arranged in many ways, The cells at or near the 








Fro. if of a giandular hatrof Martyaia 
has See ene a Gusaeen 
Langit tection th 
Pays a i prem @ young angular 





are mostly compound, and consist 
of discs borne by their edyes or ven- 
tres, either with or without a short 
foot or stalk. If the dise is com- 
posed of radiating cells, the scale 
becomes stellate, a form which re- 
sembles or passes into the stellate 
and tufted hairs common in Mal- 
yacew, etc. Well-marked stellate 





i 
F 
g 
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Eleagnacee. 

234. Bristes, prickles and epidermal spines ave firmer or 
stouter outgrowths. Whien such outgrowths are truly epidermal, 

come off with the epidermis. 

_seales, and prickles differ very greatly as to their per- 
sistence, some being exceedingly short-lived, as, for instance, 
the hairs which occur on roots; while others, for instance the 

on the rose, last for long periods. 

235. In certain outgrowths from the edges of leaves or else- 
where the structure is complicated by the presence of a portion 
of the underlying framework. This is notably the case in the 

the Ieayes of Droseracem. There are all degrees of 
variation between such trichomatous outgrowths and spinulose 
teeth, or lobes. 
consistence of the cell-wall in trichomes varies - 
" extreme tenuity to the density of « silicified wall. 
‘delicate hairs are transparent, so that the contents 












anieetiaiar hairs: a, from Humulus (the hop); 6, stellate hair 
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can be plainly seen, thus affording opportunity for examining 
the movements of protoplasm, and for the study of the effects 
of reagents upon the contents of cells. 

Young hairs contain much protoplasmic matter; at a later 
stage they have s lange proportion of cell-sap; still later many 
are filled only with air. 

2837. At first the epidermis is always completely continu- 
ous, the cells being in close contact with each other; but 
soon there appear, especially in leaves, guarded openings 
through which the interior of the plant is brought into com- 
munication with the surrounding atmosphere. These apertures 
are of two principal kinds, the most important and widely dis- 
tributed being 

238. Stemata. These are combinations of epidermal cells of 
@ peculiar character, between 
which a narrow slit extends 
directly through the epidermis 
to an intercellular space be- 
low. The cells bordering the 
slit are well termed guardian 
cells, on account of their 
opening and closing under 
certain circumstances. The 
neighboring epidermal cells 
are frequently arranged in a 
definite order; and the po- a 
sition of the stoma has in 
many cases a plain relation to the underlying framework. 

Stomata belong especially to green organs exposed to the air, 
but they have been detected on all superficial parts of the plant, 
with the exception of roots." 

289. Viewed from above, stomata appear generally as elliptical 
bodies through which runs @ narrow slit in the direction of the 
longer diameter. Each guardian cell is therefore half the ellipse. 
‘The cleft varies in width according to certain external condi- 








2 The following cases are cited by de Bary (Vergl. Anot., p. 49): On rhizo- 
mata and tubers (young potatoes), on the perianth, the anther (in Liliam 
bulbiferuin), on the pistil, ou the seed-coat (Canna). Plants destitute of chlore- 
phyll may also be destitute of stomata, as in Monotropa Hypopitys ; or have 
‘them only on the pistil, as in Lathrea. 


F10. 00. Adult stoma of Hyacinthus orientalis, seen from above. (Strasburger.) 
‘Fro, 51. Tho same, seen from below. 





in size, t - and sharter diameters have been added, and, finally, the frac- 
ton of = square millimeter covered by» single stoma. 
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240. Asappears from 
the following figures, the 
first stage in the devel- 
opment of an ordinary 
stoma is the separation 
of a part of an epider- 
mal cell by means of a 
vertical partition, thus 
forming the mother-cell 
of the stoma, This 
next divides by a verti- 
cal plane which soon 
exhibits a narrow chink. 


The cells thus slightly separated at their common wall may 


by subsequent growth 
bring about changes 
‘in the relations of the 
neighboring cells. 

Tn Sedum, as shown 
by Strasburger, there 
are preparatory divi- 
sions in different di- 
rections, while in 
some monocotyledons 
there aresimultaneous 
divisions in contigu- 
ous epidermal cells. 

241. Stomata are 
not present, at least 





in a perfect form, in any submerged plant. In aquatics with 








Fig. 02. Vertical seetfin of stoma of Hywcinthus orlontalis. (8: a) 
Pio. 63.4, b,¢, ‘Three stages in the development of the stemata af Sedum spariam, 
Wig. Se shows the narrow slit made by the neighboring epidermal cells, (Strasburger.) 
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to the fact that their cavity answering to the intercellular space 
of a stoma is often filled with water instead of air, these have 
been called water-pores. At certain times liquid water passes 
through these pores, collecting at the opening and sometimes 
leaving there, upon evaporation, slight incrustations of calcie 
carbonate. Water-pores assume different forms and vary mach 
in size. Good examples are afforded by many Aroidem, by the 
teeth of the leaves in some species of Fuchsia, the leaf-margins 
in Tropeolum, etc." 

Small rifts of nearly the same shape can be found in certain 
grasses; but in these the aperture comes from s mechanical rup- 

"and the underlying structure is very simple.* 


CORK, 


243. This protective tissue is formed beneath and replaces 
epidermis in the older superficial parts of plants; it also con- 
stitutes the films by which wounds are healed. Only the inner 
layers of cork-tissue possess cellular activity, those which lie 
outside of them having perished: the former contain protoplasm 
and are capable of cell-division; the latter contain air, and 
occasionally small clusters of crystals. The inner, active, and 
growing layers are known as cork meristem, cork cambiom, or 
Phellogen ; the outer, produced from this and no longer living, 
make up the bulk of the outer bark, and are ordinarily called 
cork. Although the older cork-tissues must be further deseribed 
in Chapter T11., under “Bark,” their elements may be conyen- 
jently treated of now in connection with the cells which produce 
them. 

244, Origin. Cork may arise from several different sources, 
the principal of which are the following: (1) from division of 
cells in the epidermis (¢. g., species of Pyrus, Salix, Viburnum, 
ete.) ; (2) more commonly from underlying parenchyma, in a few 
cases even from that which occurs in the inner bark (the bast 
parenchyma), asin Vitis and Spires; (3) from parenchyma at 
injared surfaces, as in the healing of wounds. 

245. It is normally produced upon the stems and roots of 
flowering plants, especially dicotyledons. Its cells are generally 


2 For a full account of water-pores, eee de Bary’s Anatomic, p, 54, and 
Tnhrb, konigl. botan. Garten, Berlin, 1888. 
atta Anatomie, p. 57, 
# Gandinor ; Proceedings Camb. Phil. Soc., 1888. 
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cells, an appearance of stratification 
results. Cork meristem may, in exceptional instances, 
its inner side permanent parenchyma, the cells of 
chlorophyll ; these green layers are called Phel- 
are observed well in the beech, willow, etc. (see 


i 


! 


i 
EE 


247. Cork-cells are tabular, or sometimes cubical, and with 
few exceptions have no intercellular spaces. In the case of very 
flat cells which cohere more firmly laterally than in the line of 
‘the radius, the cork-tissue may be readily separated in films or 
|. ‘The walls of older cork-cells are cutinized or suberized 

ut The demonstration of cellulose in cork-cells is not 
ble unless the cells have been first acted on by solvents, 












hair; ¢, ephlermia; pr, cortical parenchynes, somewhat distorted ; 
ct of the phellogen ¢;'&, cork-cells; pa, phelloderm; b, bast-cells, 
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such as caustic potash, and the like. But sometimes the cell- 
wall seems to be completely changed into cork-substance, 

249. Cork-substance behaves towards reagents in nearly all 
respects as cutin does (see 157), 





250. Cells which have been completely suberized can be sepa- 
rated from each other by the gradual action of Schulze’s macer- 
ating solution. 

251. The color of cork-cells is not dependent upon the amount 
of the change of the wall into cork-substance. The walls of the 
cells in some species of willow are colorless, while those in other 
species are distinctly yellow ; and yet the former have been ag 
thoroughly changed into cork-substance as the latter. 


TZ. Cells of the Fibro-vascular System,— Prosenchyma in the 
widest sense. 


252. The cells and modified cells of this system constitute 
the framework of a plant. Ina few of the higher and in many 
of the lower plants it is barely if at all developed, the entire 
strneture consisting, in such cases, of a mass of parenchyma 
covered by epidermis. But in most plants it exists as a skeleton 


1 This fact has led to the belief that there exists in such cases an interme- 
iiate plate which differs in ite charneter from the rest of the cell-wall; but 
action of the same reagent, especially with warming, causes the cells 

to break down and ultimately form a disorganized mass, 


Pio, St. Formation of cork and seconitary cortex In Betulaverrucoss. 4, B, C, D, 
snocessive wiages; 1, first layer of eecomlary vortex; 2, layer which divides In 2, to, 
Goel layer of cork (shown in ©) and a layer, 3, within, which again: 
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pass over into the variety shown in Fig. 59, No. 18. The latter 
are known as *‘ conjugate cells.” 


PROSENCHYMA PROPER. 
256. Typical wood-cells. These are best illustrated by elon- 


gated, often pointed cells, of which good examples are found in 
the cambium layer (that is, the layer of merismatic or formative 








Fro 
cells united 
cells isolated 
Seolated by Sebulze’s solotion. 7. ‘Tho sopturn of a duct, 8-22 Teotonm grandis; the 
cloments separated by maceration. & Conjugate wood-parenchyima calls, 9 Ordinary 
Wood-yarenchyma fitro 16 Substitute fibre 11. Simple libriform fibre 12. or 
tate Iibriform fibre. 15, Porlioria hygromotrica; conjugato subatitate fibres seen 
Tadial section. The wood-cells are omitte! in order not to confuses the diagram. 
S1. Radisl section through tho wood of Jatropha Manihot. 3% ‘Tangontial 


weclion 
through a Hbriform dire and two colle from a meilullary ray of the same plant, 
30-42, Rast-cells of Cytiens Labnrnum. 39 Cross-section through a part of = young 
Dast-bandle acted on by chlorotodiie of zine. 40, 41, 42. Crons-soctions through young 
‘bast-colls, acted on by chiorolodide of zinc. (anio.) 
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tissue just under the bark of dicotyledonous plants). Their 
walls are thin, and at first nearly or quite free from pits or 
other 


‘They into three constantly recurring forms; namely, 
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_ Fie. 0. - al ra tereomemg 13. ‘Trachetd from Tectona grandis. 14-18. 
“ bygrometrica, Conjugate substitute fibres seen in transverse section. 
s ; fibre afer maceration. 17, 18 Conj 
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257. The drawings of wood-elements represented in Figs. 58 
and 59 are from Sanio’s work, and are given with his nomen- 
clature. The cells figured in Nos. 10 and 16, termed by Sanio 
substitute fibres (German, Ersatzfasern), answer well to the type 
of prosenchyma. When these cells are much reduced in calibre, 
they are known as libriform fibres. 

258. Ordinary prosenchyma vells usually have simple pits, but 
no true spirals. The pits may be round, and of the same size as 
those on the duets with which they may be in contact, bat some- 
times they are elongated slits, and ran obliquely, as shown in 
Fig. 59. If two of these cells are in contact, processes may 
extend from one cell to corresponding protrusions in the other, 
and thus one cell is united with the next. By careful macera- 
tion such cells can be separated, and then each appears to have 
one or more rows of square tecth or short tubes. It sometimes 
happens that the wall at the end of these intrusive tubes is 
broken down, thus allowing free communication between the 
cells. 

Good examples of substitution cells are to be found in the 
wood of Magnolia, Liriodendron, many Leguminosa, ete. They 
are not so common, however, as conjugate parenchyma cells (see 
Fig. 58), 

259. Woody fibres are of two chief classes: (1) those in 
which the narrowed cayity is continuous throughout the whole 
length, and (2) those which have partitions dividing it (sep- 
tate fibres). 

‘The first class has been again divided into two groups depend- 
ing upon the presence of stareh, but the division is not wholly 
satisfactory. The first group comprises all those fibres which 
have # trace of protoplasm, while those of the second have also 
more or less starch, and generally some tannin. 

All of these woody fibres resemble the bast-fibres of the inner 
bark of dicotyledons so closely that they have been well called 
libriform. They are described by Sanio, from whose paper on 
the subject most of these names are taken, as being always 
spindle or fibre-form, relatively strongly thickened, and occa- 
sionally furnished with bordered pits which somewhat resemble 
those of vasiform elements (264), but are smaller and less 
clearly defined. They never baye true spiral markings, and 
very seldom any spiral striation. ‘They contain during the 
periods of rest of vegetation in winter more or less starch, 
and perhaps some chlorophyll and tannin, byt at ouher times 
only air, 
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‘the objection that while it is a significant term when applied to 
trachea-like bodies (ducts) it is a misnomer when applied to an 
elongated cell wholly free from annular or spiral markings. 

266. Tracheal cells are of two chief kinds: (1) those which 
are closed throughout, — at least until a very late stage of devel- 
opment; (2) those formed by rows of cells which lose their 
intervening partitions, and hence are thrown into a long canal, 
or vessel. The former are known as Tracheids, the latter as 
Trachec ; for which terms may be substituted the following, 
applicable in nearly all cases, — Wood-cell and Duct, 

The distinctive markings of tracheids and trachew are bordered 
pits, or discoid markings, and various thickenings of which the 
spiral may be taken as an example. 

Tracheids and traches further agree in the following point: 
when complete, the protoplasmic mass disappears, leaving gen- 
erally no trace. The cavity is filled in a few cases with watery 
fluid, in some with water and air, but in most with air alone. 
Occasionally other matters may be found in the traches, for in- 
stance, latex; but these are so exceptional as to need no further 
mention at this point. 

267. Vasiform wood-cells, or tracheids, are elongated and taper- 
ing cells, more or less lignified, and having peculiar markings, 
the principal kinds of which, although previously referred to in 
138, require a more extended treatment here. 

268. Bordered pits, called also areolated dots and diseoid mark- 
ings, sre very common, especially in wood of gymnosperms, 
where they form a characteristic feature both in fossil and 


2 But the term fracketd, as usually understood, is applied to wood-colls with 
peculiar markings, next to be described. 

‘The following measurements by Sanio show the difference between the length 
of some tracheids and the libriform cells in the same plant :— 


Rhormnas catharticus. . 28 mm. 52 mm. 
Aesculus Hippocastanum. . . . - oe a 
Daphne Mevereum  . . - - ~~: - is “ tk 
Biberubrum . 2. 2 es es 49" we 


Where, however, the tracheids alone are present, thoy are sometimes much 
longer ; for instance, in Staphylea pinnata, 1 mm., and in Philadelphus coro- 
narius, .85 mm. 

According to Sanio, the bordered pits of ducts are the same as those of the 
tracheids, as regards size, form, and usually as regards frequency. 

Occasionally tracheids are found which are plainly septate. It thus appears 
eee eee em rcnre come ela soe 

pits. 
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The eambinm-cells and the youngest tracheids have uniform 
and smooth walls, but in those next older there appear thin 
spots, which are well defined above 
and -below, but not on the sides, for 
here they grade off into the thicker 
part of the wall. In the cells which 
are still older the thin places take the 
shape of discoid markitigs, and are 
clearly seen in any radial view. Com- 
parison of radial with transverse sec- 
tions shows that at the margins of the 
thin places a portion of the wall ex- 
tends as a slight projection upwards, 
and partly over the spot. In the more 
mature form the thin place is still re- 
tained as u delicate plate separating 
the two cells, but easily broken down 
perhaps in further growth, 

270. Scalariform markings (see 
134) are especially abundant in ferns. 
‘The bordered pits are much elongated, 
and appear as clefts with only narrow 
portions of the wall between them 
(Fig. 64. They often follow each 
other with as much regularity as the 
“rounds” of a ladder, whence the name (from scalaria,—a 
flight of steps). They are more commonly found in 


pUCTS. 

271. Duets, or Trachem, are variously marked by pits, and 
by the thickenings described in Chapter I, Some of the more 
common forms of dots are shown in Fig. 64. 

Spiral, annular, and reticulated markings are all formed by 
the thickening of parts of the wall by which narrow lines or 
bands are produced on the inner surface. In these cases the 
portions of the wall which are not thickened are often of extreme 
tenuity, and break upon slight pressure or strain, permitting the 
spiral to uncoil or the rings to separate (Fig. 64, 8 8’), 

272. Spiral markings. The number of threads or narrow 
bands varies from one to fifteen or even twenty, the latter in the 
petioles of Musa.’ They wind, ss a rule, from right to left; 


* De Bary: Vergleichende Anatomie, 1877, p. 163. 
Fio. @ Pinus sylvestris. Cross-section through the cambium and young wood-cells. 
(Strasburger.) 











‘are drawn far apart by the stretch- 

} consequently very loosely wound 

in the posterior first-formed por- 
ee 

| markings have been regarded as 

of spirals, and it is true that inter- 

b n these types. For instance, tightly 
‘annular, and in some cases there are 
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Appear as rings or ag a net- 
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work. While, therefore, they may and probably do have 4 
common origin with spirals, it is not necessary to assume, nor is 
it probable, that they have resulted from mechanical displace- 
ments of them. The relative positions of the separate rings 
may be explained in the same way as the steepness of the 
spirals.? 

274. Cases are met with, in which projections from the wall 
may extend nearly or quite across the cell-cavity, somewhat after 
the manner of beams. Such cross-beam cells or ducts are called 
trabecular. A good example can be found in some of the trachelds 
of the leaf of Juniperus communis,* 





1 The notion was extensively held that the spiral fibre could not follow 
the expansion which the vessel underwent during its growth, and tore up into 
fragments which were again wnited into rings, and thus brought about the 
formation of annular vesscls, Completely as this idea, which was a contradic- 
tion to all observation, had been refuted by Moldenhawer, it remained a stand- 
ing article in all phytotomical writings up to Meyen's Physiologie" (Mobl ; 
‘Vegetable Cell, p. 21). 

* De Bary: Vergleichende Anatomie, p. 171. 

‘The following measurements of wood-cells and ducts are given by Wies- 
ner (Die Rohstoffe des Pflanzeoreiches, 1873, p. 525) :— 

Average diameter of wood-cells, 
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275. Tyloses. If a cell still growing is in contact with a duet 
at one or more of its perforations, the cell may intrude into the 
duct, and to a considerable extent. Such intrusive 

s are known as Tyloses (German, Thyllen). 

"If the intrusive portion of the tylosis further multiplies, pro- 
ducing new cells, the cavity of the duct may contain a confused 
mass of irregular cells of various shapes and sizes. Such masses 
are often found in the ducts of Quercus alba, Q. castanea, Q. ma- 
erecarpa, Q. tinctoria, Q. virens, Castanea vesca, Carya alba, 
C. olivmformis, C. amara, Juglans nigra, Sassafras officinalis, 
Morus rubra, Maclura aurantiaca, and Robinia Pseudacacia. In 
the latter they are especially striking? 


BAST-FIBRES (LIBER-FIBRES). 
(Solerenchyma of many recont German authors. ) 


276. The name bast was originally given to the inner bark of 
the linden (bass-wood), and hence originated its use as a prefix 
in ** bast-matting,” ete.; the name /iber was applied in a more 
general way, namely, to any smooth inner bark (upon which one 
could write). ‘That which imparts strength to inner bark, mak- 
ing it of use in the arts, consists of long and tough cells with 
very much reduced calibre; but these are not confined by any 
means to inner bark. Owing to this fact, some have thought best 
to abandon the terms bast and liber for such cells, and adopt, 
‘on aceount of their firmness, a term formerly given to grit-cells, 
namely, ; the older terms, however, are not likely 
‘to lead to confusion, whereas the other might. It is in the bark 
‘of dicotyledons that liber-cells or liber-fibres occur most abun- 





‘Their prevailing shape is that of a slender spindle, which may 
‘taper simply, or may be somewhat forked at the extremity. 





‘The following can bo seen only under a lens ;— 
Evonymus Buropaus. . . 2. <n ere e 20 a. 
J vole ES ee eer aa 
et 


4} Mr. P. H. Dudley, who communicates some of the hares in this list, adds 
pa hiinbia oS fac I tava paver found any tylows ‘a dat with coulefonns 
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TL Cribrose-cells, Sieve-cells, or Siove-tubes. 


279. In the inner bark of stems of dicotyledons with normal 
structure certain long cells of peculiar character are found as- 
sociated with bast-fibres. They 
are of tubular or prismatic form, 
and are characterized by the pres- 
ence of circumscribed panels in 
the wails, in which are numerous 
fine perforations permitting com- 
munication between contiguous 
cells. The panels sre known as 
sieve-plates ; the perforations, as 
sieve-pores, These cells consti- 
tute an essential, though by no - Le 
means always a conspicuous, element of fibro-vascular bundles. 
Taken collectively, 
they may be known 
as ctibriform tissue. 
By their union end to 
end they appear like 
long tubes with the 
continuity interrupted 
here and there by cross 
partitions. ‘These par- 
titions which separate 
the individual cells 
are sometimes nearly 
horizontal, but more 
generally oblique, as 
shown in the annexed 
figures where they 
mostly cut the lateral 
wall of the cell at a 
sharp angle. 

280. The walls of 
cribrose-cells are 
never lignified ; on 
the contrary, they are 


nylvestris, Face rlew of radial wall containing cribrose-plates: 
wily dpa cn aye, (Ganceewakt) = 


Re teertend te snetlp ch hata Lipa bee Pn ‘The futare ert. 
are composed of callas-cylinders, 11 iting the meshes of a collalces network. 
Sf (Sanceewski) 

PG. Th. Crivpose-cells ln Vitis vinifera; 4, transverse anastomosis of two eribrose- 
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very soft and colorless. Owing to their yielding character, it is 
not easy to make satisfactory sections for their demonstration, 
from fresh material; it is better 
to keep the material in alcohol 
for a while, or to dry it care- 
fully, as Russow advises. All 
sections, to show the sieve-cells, 


sp we 
meee 





must be very thin, The following measurements of single large 
cells given by de Bary serve to indicate their wide range in size: 


Length, mm. ‘Transverse diameter, mm, 






Cuenrbita Popo... 870-450... 045 
Calamus Rotang. . - , 2,000 ; 4-030 ~.050 
Potamogeton natans 276 } 2 oe 
Vitis vinifem, . . . . 6 @ 6% 


281. The sieve-plates occur at the points of contact of sieve- 
cells. They are always found at the ends of the cells, and may 





cells isolated by maceration; the septa are in thelr winter state. J, branching of 
cribrom-cell Itolated by muceration. ¢), tangential section across & medullary eay, alow 
Ing the transverse anastomosis of eribrose-cells; the cnilus wt the septa ix tn its winter 
ftate. (Wilbeln,) 

Fro. 72. Cribrose-cells in Vitls rinifora. Longitudinal tangential section (beginutng 
of Fuly! Ohrongh the bast of w stem Tem. thick, rg, ertbrose-cells, the oblique nx well ns 
ome horizontal perforated septian cut longitudinally. The face of one septum, however, 
is shown nt the upper part of the figure: rm, medullary rays. (He Bary.) 

Fig. 1% Cacurbita Popo Longitadinal section showing terminal stevo-plates as 
dy Gy Mahl & lateral one wt 4) pa, contracte! protoplasm. (Speks,) 
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varies with the age of the cell and with the time of year, as 
shown in the figures. 

283. Anilin blue is the best pigment. for bringing out the 
form of the callus clearly. If, as Russow? recommends, its use 
be supplemented by that of Schulze’s iodide, the callus may be 
seen to be made up of at least two portions, distinguished by 
the depth of color. In young and active cribrose-vells the callus 
usually appears to be a gelatinous layer on each side of the sieve- 
plate; in most old cells it is no longer seen. 

284. Contents of the cells. In the younger and active state 
just referred to, the cells contain a watery liquid which holds 
more or less granular matter, and the walls are lined by a delicate 
film of protoplasmic substance. That the callus is also of a pro- 
toplasmic nature is not clear, although some of its reactions 
suggest this. It frequently contains minute granules of starch, 
which sometimes give a bluish-brown color with iodine, like 
starch which has been acted on by diastase. Russow thinks that 
a ferment is present in the cells in their active state. When 
old, most cells lose not only the callus but also the greater part 
of their other contents. In active cells there are frequently 
found very small but brilliant globules which are albuminoidal, 
All the contents above mentioned vary within certain limits at 
different periods of the year, 

285. The sieve-cells of the higher cryptogams have been 
shown by Janczewski* to be nearly if not quite imperforate at 
all seasons. In gymnosperms, they pass through two periods: 
the first, or the evolutive, in which the plates produce the callus, 
the cells themselves containing parietal protoplasm; the second, 
or passive, stage, in which the protoplasm disappears entirely, 
and communication between the contiguous cells occurs. In 
monocotyledons and dicotyledons the cells have four periods; 
namely, the evolutive, the active, the transitory, and the passive. 


TV. Latex-cells, Latex-tubes. 


286. Certain plants when wounded exude a milky juice known 
as latex. They belong to widely separated orders; for instance, 
to Papaveracear, Campanulacex, Asclepiadacew, Urticaces, ete. 

The cells in which latex occurs are characterized by a soft- 
ness of cell-wall which renders them easily compressible; hence, 





4 Annales des Se. nat. bot., adr. 6, tome xiv., p. 167. 
® Annales des Se, nat, bot,, sir. 6, tome xiv., p. 50, 
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near which they * 
lie. For convenience, they may be divided into the simple and 
« 4 the complex. 

287. The simple 
forms are single 
cells, which may be 
much and variously 
branched, Subse- 
quent to the devel- 
opment of one of 
these cells in a plant, 
and when it has ex- 
tended its ramifica- 
tions throughout the 
different organs, a 
new cell may inde- 
pendently give rise to 
new branchings, and 
toa new system, some 
of the branches of 
the two cells perhaps 
becoming confluent. 
Good examples of the 
simple forms are af- 


i 





TT, Later-tabes composed of confinent colls: a, in the root; 6, in the stem of 
‘Chelidontam majux (De Bary.) 


———— 








IDIOBLASTS. oT 





RECEPTACLES FOR SECRETIONS. 


292. Individual cells (idioblasts) may differ greatly from their 
neighbors as respects their contents. Such cells may be well 
named after their characteristic contents; as crystal-cells, resin- 
cells, mucilage-cells, tanvin-cells, ote. 

293. They vary much in shape and size. Frequently they are 
hot readily distinguishable from their immediate neighbors by 
anything exeept their contents. In other cases, however, they 
may assume forms widely different from those of the cells around 
them, and may also be distinguished by their size. They are 
often so associated together as to form ‘‘ glands.” 

294, Crystal-cells. These sometimes, as de Bary points out, 
curiously resemble the shape of the crystal or groups of crystals 


= 


which they contain. Thus globular clusters arc generally con- 
tained in spherical cells, elongated prisms in elongated cells 
{as in Quillaja). “In many trees each cambium-cell (as it 
develops into a bast-fibre) may be divided by diagonal partitions 
into numerous (20 to 30) chambers, the height of which is about 
the same as the width, and each is filled by a crystal or 4 small 
cluster, In this case the gencral outline of the original cambium- 
coll remains nnaltered, and the whole row of compartments may 
be isolated as a chambered fibre.”* The bast-cells containing 
have been already noticed. 

. Resin-cells, In a lange number of plants soft viscid 
substances are present, which exude when the tissues are 
wounded. They may be roughly classed into (1) Balsams, in 
which resinous matter is mixed with 2 considerable proportion of 





1 Te Bary ; Vergleichende Anatomie, p. 145. 


Pin, 7% Crystabcella: «, from the petiole of Begonia mantoata ; 6, a cell with ruph= 
eee een eee ton rian canines (Kuy.) m 
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one or more essential oils, forming a thickish liquid; (2) Resins, 
which have comparatively little essential oil commingled, and are 
of various grades of hardness; (3) @um-resina, or resins hav- 
ing more or less mucilaginous or gummy matters. To the latter 
class are sometimes referred 


the products left by the drying 


E aN) 









of many milky juices (latex); of such, caoutchoue is an ex- 
ample. All the foregoing substances may be found in single 
cells, which are of very diverse forms. 

296. Roundish cells of this character are found in the Mag- 
noliacer and some Composite, ete. Long cells are to be de- 
tected in some Liliacem, etc., and they are connected by many 
intermediate forms with resin-ducts arising from the confluence 
of several cells. On the other hand, they pass by various gra- 
dations into structures which are generally referred to the latex- 


Fic. 79. Transverse section through the leaf of Peorales hirta; the epidermis con- 
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should perhaps be referred also numer- 
eee Mpa, Kase tsa rors of onciter aca 
rhubarb; also the peculiar bodies seen in the periphery of the 
pith of Sambucus, and the milk-sacs of some species of Acer. 

297. Mucilage-celis are larger than the surrounding cells, and 
sometimes closely resemble intercellular spaces filled with muci- 
ran wens Tn some instances the mucilage is distinctly 

to changes in the contents of the cell, in others to a 
disorganization of a portion of the wall, while in still others 
both sources may be recognized. 

Lo at regret’ tannin in very large amount are fre- 
quently met with, but they do not call for special reiarie. 

299. Resins anil the like’ are found not only in single cells 
but also in spaces formed by the breaking down of the interven- 
ing walls of cell-clusters of various shapes; hence various forms 
of receptacles for these substances may be looked for. 


INTERCELLULAR SPACES. 
800. The walls of cells still capable of division are generally in 
unbroken contact; but as differentiation goes on they may be- 





‘The details of this subject ean be found in Prings. Jabrl., v. 161 (Frank), 
os des Se. nat., sér. 6, tome i. p. 176 (Prillioux). 

| mode of development of intercellular spaces has heen termed. 

+ a gota eng moreover, a distinction may be made between 

hay ia which are formed whon the tissues begin to differen- 
are ‘and those formed an older tissues, — Aystereyenic, 
‘portion (rough the stem of Biatine Aisinastram, showing 

For eset (Reinke. acs 
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nected throughout the plant, and communicate so directly with 
the stomata, that they constitute an apparatus for bringing the 
interior of the atructure into close relations with the outer air. 
Sometimes the aggregate volume of the air-spaces is very large 
in proportion to the volume oceupied by the cells themselyes.* 

In composition, the air within the plant usually differs from 
that of the atmosphere in containing a larger proportion of 
nitrogen. If the air-spaces are much smaller than the cells 
which surround them, they are termed ivteratices; if about as 
large as the cells, dacune ; if conspicuously larger, air-passages 
or air-chambers. Two chief forms of lacune are distinguished 
by de Bary; namely, cavities surrounded by cells which are 
more or less branched, and those surrounded by plates of cells. 
Good examples of the former are afforded by many water-plants, 
rushes and the like; of the latter, by the stems of many Araces, 
for instance, Acorus Calamus. 

801, The continuity of the Janger air-passages may be inter- 
rupted by plates crossing at an angle (generally slightly oblique). 
Such dividing plates, termed diaphragms, are frequently com- 
plicated in their structure. 

302. Hairs, sometimes much branched, are found in the langer 
air-passages of many plants. ‘These form the stellate structures 
in the Nympheeacem, and the * I-like” cells in some Aracee. 

303. Intercellular spaces, usually those of small size, may 
contain water together with air, ‘This is the case in the cavities 
under the water-pores of Fuchsia, ete. P 

804. When intercellular spaces contain resins, oils, and the 
like, they constitute, together with the simple cells described in 
298, the structures loosely called internal glands. Often these 
are merely irregular spaces left by the breaking down of one or 





+ The following measurements are taken from Unger (Siteungsb. 4. Wiener 
Akad,, xii, 973), 
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more cells. but they sometimes have a remarkable regularity of 
form and clearness of outline. 

. It has been observed that these spaces filled with resinous and 
other matters are not, as a rule, met with in the plants which are 
provided with the simpler receptacles, consisting of single cells 
or small groups. De Bary classifies these resin-passages and 





spaces as follows: (1) those passages which contain mucilage 
and gums, as those in the Cycads, species of Canna, Opuntia, 
and some Araliacem; (2) resin-canals and cavities containing 
resins, ethereal oils, emulsions of resinous gums, ete., variable in 
quality in different cases; a, passages or canals, as those in 
Coniferw, Alismacew, Arcidew, the tubuli-flowered Composite, 
Umbellifere. Araliacerm, Anacardiace:e ; }, short cavities, as in 
Facog Hypericum and the true Rutaces, many species of 
and Myrtucem, and some species of Lysimachia. The 
Lala cent the more complete cavities are so different 
from the neighboring parenchyma that they have been termed, 
collectively, the epithelitan of the spaces. 
Tt is not fully known in what way the various resinous and 
matters are produced in the cavities. In some 
a hoard the matters appear at a very early stage of 
of the cells which are afterwards broken down 
to peti the cavity. The special cases, like those of the Myrta- 
cee, in which the cavities contain oil, are best for purposes of 
study, because they are so frequently to be found in the thinnest 
leaves, and at an early stage of development. 
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CHAPTER III. 


MINUTE STRUCTURE AND DEVELOPMENT OF THE ROOT, 
STEM, AND LEAF OF PHZNOGAMOUS PLANTS. 


GENERAL CONSIDERATIONS. 


805, ‘Tne tissue elements, described in the preceding chapter, 
are arranged in various ways to form and connect the organs of 
the plant. If elements of the same kind are united, they consti- 
tute a tissue, to which is given the name of those elements; thus 
parenchyma vells form parenchyma tissue or simply parenchyma ; 
cork-cells form cork, etc. *A tissue can therefore be defined as 
a fabric of united cells whieh have had a common origin and 
have obeyed a common law of growth. 

‘Tissues are united to form systems; systems, to form organs. 

806, In nearly all plants with which the present treatise deals 
there is some kind of framework consisting mainly of the more 
elongated cells aud ducts. This framework rans throughout 
the entire organism. It is surrounded by parenchyma, in which 
other tissue elements may also occur; the epidermis in some of 
its modifications covers the whole. 

807. The three chief systems found in plants are, therefore, 
the fascicular, the cellular, and the epidermal; and these corre- 
spond in a general way to three classes of functions, In the 
cellular system are found the active cells by which assimilation, 
the proper work of the plant, is effected; the fascicular system is 
largely conductive, and serves also important mechanical ends; 
the epidermal system brings the assimilative apparatus of the 
plant into safe relations with the surroundings. 

No disenssion of the cellular and epidermal systems, intro- 
ductory to a special consideration of them as they occur in the 
different organs, is needed ; but some general statements relative 
to the fascicular syatem will obviate repetitions later. 

308. The fascicular system, in its most complete development, 
comprises the following tissue elements, which occur in very 
different proportions in different eases, —prosenchyma in the 
widest sense, including wood-cells of all kinds, duets, fibres, and 
‘eribrose-cells; together with some commingled parenchyma. With 
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the exception of the parenchyma, all these elements are elongated 
and are arranged in various sorts of fascicles or bundles, whence 
the naine, the fascicular systern. Since fibres and vessels play 
such an important part in the composition of this system, it has 
been also called the fibro-vascular system, and the bundles, fibro- 
vascular bundles. 

$09. When resluced to its lowest terms, a fibro-vascular bun- 
die consists of two tissue elements, namely, cribrose-cells and 
tracheal cells, the latter being sometimes replaced either wholly 
or in part by ducts. 

$10. The two elements are usually associated with some 
parenchyma and with a considerable proportion of long bast- 
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fibres; but, while preserving a general uniformity of structure 
throughout, a bundle may become considerably changed in com- 
position during its course. This is well shown by comparing 
sections taken at some distance from each other; for instance, 





Fig, SS Longituilinal radial section of a cotiateral fbro-vascular bunitle, from the 
stoma of p dicotylolon = b—i, wood ; i—n, liber; the wood comprises, 6, & Harrow annular 
duet, c, wider spiral duct, d, a duct with septum, ¢, wexty parenchyma, /, woody fibre, 

whde duct with areciated ee ese potas See See Uber comprises, m, Ilber= 
aca eammick puiaehrens, |, ceibrese-colls, §, cambiuns, 4 long parenchyum oF cama- 
‘Mifors, (Kny.) 
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of an organ, especially in plants 
single year, or which have a well- 
changes may take place in its 
introduction of new elements. Such 
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THE ROOT. 
Prmmary Sravcrens. 


319. It was stated in Vol. 
I., p- 27, that the root, or 
descending axis, ‘* normally 
begins in germination at the 
root-end of the canlicle, or 
so-called radicle; but that 
roots soon proceed, or may 
proceed, from other parts of 
the stem, when this is favor- 
ably situated for their pro- 
duction.” 

820. A longitudinal sec- 
tion through the tip of a 
germinating radicle exhibits 

« only parenchyma cells. Slight 
differences exist between these 
cells, both as regards shape 
and size; at the very end of the 
radicle they are relatively large, 
and form a sort of cap-like cov- 
ering (root-cap) for the smaller 
cells lying directly back (¢he 
growing-point). If the section 
is thin enough, it will be seen 
that at the growing-point numer- 
ous rows of cells appear to con- 
verge, the fact being that all the 
cells of such rows are derived by 
multiplication from those at the 
growing-point. 

821. Certain differences in the 
arrangement of these rows can 
be seen upon comparing the radi- 
cles of plants of different classes. 








‘Pio. 85. Longitadinal section through the middle of the toot-tip of 0. 
Jentum, The lower {nittal cells give rise to the eayre, nul the epllermls e'p; the maldile 
Produce the cortex c’e: pe, peripheral layer of the central cylinder cc, which cumes 
from the upper Initial cella. (Junceewebt | 

Fic, &6 Tongitedinal section throagh the mbidle of a lateral root of Pantedaria 
‘Crassipes: ec, ascont central cylinler iplerom); ¢'e, Hnscent cortex (periblem); ¢'p, 
nascent epidermis i) 6 Foot-cap. (Flahault.> 
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Roots which grow in the earth seldom have it much developed ; 

but in many aquaties it becomes of large size, though it is always 
' thin. In some species of Pontederia the cap envelops the root 
for the length of half a centimeter; but itis free 
at its upper part, and is in contact with-the root 
only at its very tip, The roots of Typhacee 
and Lemnacem exhibit nearly the same strac- 
ture. ‘The cap consists in these cases of only 
one or two layers of thin-walled cells. 

The aerial roots of some plants have large 
root-caps composed of firm-walled cells. This 
is well shown in Pandanus, where the cap con- 
sists of many layers of cutinized cells. The 
cap in all cases exfoliates on its exterior, and 
is as constantly renewed by the cells within. 
Nearly all of its cells contain starch-granules 
in abandance, 

824. The peripherul tissue in the rootlet does 

ag“ HO always have the same origin ; it may in some 

cases be regarded as true epidermis, in others as 

the outermost portion of the cortical parenchyma. In the vast 

inajority of eases this youug superficial tissue is furnished with 
root-haire ; it is therefore desigaated the piliferous layer." 

$25. The piliferous layer hos no intercellular spaces (a few 
cases of aerial roots of Orebids excepted). ‘The hairs are con- 
fined to a narrow zone a short distance behind the tip, although 
in Triglochin they have been found on the edges of the cap, 
and in Philodendron very near its edge. When first formed 
they have delicate transparent walls, and are filled with pro- 
toplasin. By the advance of the growing-point and with the 
formation of new hairs, the older become less active, their walls 
thicken and tarn brown, their contents disappear, and they fall 
off, generally leaving a nearly glabrous surface. 

826, The hairs are generally simple, but in the adventitious 
roots of some Bromeliacex * compound hairs are also found. 

Branched hairs are seen on the roots of Saxifraga sarmentosa, 
Brassica Napus, etc. 





* Olivier (Ann. des Sc. nat., sér. 6, tome xi, 1881, p. 19), according to whom 
it is never homologous with the epidermis of the stem (p. 28). 

® Jorgensen, Botanisk Tidsskrift, ene, oe 

Fra, 81. Seedling of Sinapls alba, 


Pp coaes Besiihe fea eins ein ete ear at 


—E 


ROOT-HAIRS. 109 


$27. Root-haira are best obtained for study by cultivating 
seedlings on moist glass, or with the rootlets in water. It is well 
to compare the forms thus obtained with those found on roots of 
the same plant grown in loam, sand, fine clay, etc. Masters has 

shown that the 
the hairs: 


a 
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: 





$30. On a few plants? no root-hairs have been detected, as 
-sativas, Cicuta virosa, Abies pectinata and many other 


831. Roots of orchids. The newer parts of the aerial roots 
of Orchids have an epidermis consisting of nearly spherical 
tracheids, which, except sometimes in the ontermost layers, co- 
here without intercellular spaces. ‘The walls of these cells are 
colorless, though in mass they may have a silvery lustre, and 
when in water they soon become sufficiently trans- 
parent to permit the subjacent green tissue to be seen.* 


® Duchartre (Eléments de Botanique, 1867, p, 214) cites other plants. 

beg =v ge od paper by Schwarz in’ Untersuchungen sera bot. 
Inst., F . 

* According to Leitgeb, the old roots of Vanda farva are green because their 
tracheids contain minute Alge (De Bary, Vergl. Anat, p. 258). 

: 0 distorted by contact with the soil, Four tn the right-luend apper 
7 An lower eorner, Trifollum ; the others, Avena. ‘The dark 
particle of voll. a, a, 4, minute prolongations of the cell~ 
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332. Sometimes there are papillar outgrowths from these tra- 
chelds, which are vo be regarded as root-bairs. They occur 
chiefly on younger parts of the roots which are in contact with 
4 moist support, or which are kept wet. They cling tenaciously 
to moist surfaces, and may become much widened and flattened.* 
* $33. The eortex of different plants varies greatly in thickness 
and compactness, and in the thickness of the cell-walls. In 





a few cases remarkable lacun® are to be seen (¢. g., Meny- 
anthes), 

334. The cells bounding the inner layer of the cortex have the 
general characters described under ‘* Endodermis ;” their radial 
walls are generally more or less plicate, and there are no inter- 
cellular spaces. 

335. In the primary cortex of roots all the various kinds 
of secreting cells and receptacles for exudations described on 
Pp. 97 may be looked for; but as a rale they are less developed 
than in the stem. Collenchyma occurs sometimes in roots; 
@. gs» Raphidophora, 

336. The central cylinder has, at first, a peripheral layer of 


1 Leitgeb ; Die Luftwurzeln der Orehidoen, Wien Akad. Denkschr., xxiv., 
1865, p. 179. 

Fig. 90. Transverse scotion of the central oylinder of a root of a vascular 1 
(Qfarattio lavete): ¢, Ueternal layer of the proper cortex; p, endodormis; m, 
Jayer of the eylinder; J, ber fuseicles; #, woody: 1, conjunctive paronchy ma 
lth and weduliary rays), (Van Tieghem.) 






















der varies accord- 
ing to the class of 
plants, and in the 
same plant accord- 
ing to the age and 
size of the root. 
There are generally 
two in Cruciferm, 
often three in Er- 
vum Lens, four in 
Ricinus, five in Vicia 
Faha, six in Alnus, 
and eight in Fagus; 
but these numbers 
are by no means 
constant. 

338. The woody 
part of the bandle 
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duced to a single duct, as in some Carices, or there may be a 
large duct surrounded by smaller ones with or without inter- 
vening cells, or many large and small ducts variously conjoined. 
Moreover, there are all degrees of compactness in the union of 
the different bundles of woody tissue with each other, 

839. The cribrose part of the bundle may be reduced to a 
single cribrose tube (c g., Anacharis), or two or three (¢. g., Pon- 
tederia); but usually there are many, which may be variously 
disposed. 

840. Bast-fibres may be associated with the cribrose-cells in 
the primary structure of the root, and they may be scattered (and 
occasionally with some sclerotic parenchyma) in the cortex. In 
Philodendrou these scattered groups of bast-fibres frequently 
contain oleo-resin canals. 


Secoxpary Srrverure. 


841. The older parts of roots, even the recently formed por- 
tions lying just back of the root-hairs, may undergo changes 
either by the alteration 
of their existing tissue 
elements or by the in- 
troduction of new ele- 
ments. Some roots, 
however, do not suffer 
much change from first 
to last. Their cells may 
become more 
cutinized or lignified 
as the case may be, 
bot no new elements 
are brought in. This 
is true of the roots of 
many monocotyledons, 
but in dieotyledons the 
secondary changes are 
generally very marked. 
The changes may af- 
fect either the cortex or 
the central cylinder; in some cases the former more than the 
latter. 

F10.93. Section through the central cylinder of s binary root of a vascular eryptagany 


meduitorts)® @ internal layer of the proper cortox; y, eustedermia; m, pe 
“itt esitler,f Lber faclclos m woudy fucicle’  confumetive pren- 
and modallary rays). (Van Tieghem.) +3 





ehyma (pith 


i™ = 








‘is renewed f cells t- 
e central aint, on pha casio 


hange, if any, in monovotyledons, but in a 

of the secondary changes now to be de- 
_g-» Dracena). 

. Ine duding gymnosperms, the thin-walled 

.. are in contact with the inner face of 


behind each liber bundle, At the 
ich the inner face of the liber bundle 
in to new woody elements (often 
rit woody bundles), and on the 
men These new productions are 
— for instance Pinus — the cells of the 














4 MINUTE STRUCTURE OF THE ROOT, 


ductions come, of course, the apparently unbroken rings of liber 
and the solid masses of wood in old roots. If this development 
ot new wood and 
liber in a perennial 
dicotyledonous 
plant procecds 
uninterruptedly, 
there will exist at 
the end of the first 
year secondary ele- 
ments in large 
amount. After a 
period of rest, a 
perennial root re- 
sumes growth at 
the points where it 
was suspended, and 
the formation of 
new cork, cortex, 
liber, and wood goes on as before, until it receives farther 
vhecks. Owing to conditions to be explained later, the charac- 
ter of the woody elements is j j 
not the same at the begin- 
ning and end of an active 
period ; hence there is gen- 
erally a clearly defined out- 
line bounding the product of 
growth of successive years. 
347. More or less of the 
parenchyma of the original 
eylinder may remain in the 
form of radial lines or of 
bands (medullary rays), 
some of the same sort of 
tissue may be subsequently 
produced from new points of 8 
activity, and hence long and short radii will be met with. 











Fro. 94. Section through the central cylinder of a binary root of a dicotyleden (Beta 
valgarin}: ¢, Internal layer of the proper cortex; p, endoderrais; m1, peripheral layer of 
the oplinder; J, Wher fascloles; , wooly faciele; ¢, conjunctive parenchyma (ydth and 
medullary rays.) (Van Theghem.) 

Fro, %. Section through the central cylinder of a binary reot of a monocotylevton 
(Allium Cepa): ¢, Internal layer of the proper corvex; y,crlodermis; m. peripheral layer 
of tho cylinder; J, Uber fascicles; v, woody fasctcle; c, conjunctive paronchyma (plth 
and medullary rays). (Van Tieghem.) 
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851. Parasitic roots,’ or those which fasten themselves for 
nourishment on other plants, are so much modified by the pecul- 
iar conditions under which they live, that they require special 
inention. ‘Their structure can be best understood by a section 
through the root of Cascuta. 

Here there is no central cylinder, properly so called, nor is 
there anything answering to the root-cap, ‘The cortex is regarded 
as reduced 
to a pilifer- 
ous layer, 
since some 
of its cells 
are pro- 
longed to 
form a fasci- 
cle of long 
hairs in inti- 
mate contact 
with the tis- 
sues of the 
host = upou 
which it has 
fastened. In 
the centre of 
this fuscicle of hairs some of the elements are tracheid-like 
cells, which are in contact with duets. 

362. The roots of many plants have distinctive colors: in 
some the color belongs to the wood (sce 402); in others it is 
due to the cell-sap: in others. for instance, the common carrot, 
t orange-colored crystalline bodies. The crystalline forms 
found in the parenchyma of the roots of the carrot are minute 
rhombs, or sometimes rectangular plates to which starch-grun- 
ules are attached. They are associated with small quantities 
of protoplasmic matter. (See Chapter 1V., for an account of 
somewhat similar bodies occurring in flowers and fruits.) 

353. The roots of the higher Cryptogams (such as Ferns and 








4 An exhaustive paper on this «abject will be found in Pringsheim's Jakrh., 
1867 ; Ueber deo Ban nnd die Rntwieklung der Emihrangsorgane 
, vor Herinann Grafen 20 Solias-Laubach, Koch's paper is in 
Hanstein's botan. Abhanilungen, vol. fi, 1875. 
FYQ.90. Vertical section of an hanstoriam of Cuscuta perforating the host-plant, 
tg. atworbing bales: the central cells are thickened at the bare, where they are in comtact 
with the ducts, (Kock) 
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Neither in Muscinew nor Thallopbytes are fibro-vascalar bun- 
dies found, although in the former the arrangement of elongated 
cells sometimes resembles that of the constituents of a simple 
fuscicle. ‘The rvot-like bodies by which large sea-weeds cling 
to their supports are Aold-fasts, rather than true roots; the 
whole surface of the plant being bathed in water, all parts ean 
probably absorb equally well. 


THE STEM. 


356. That part of the axis of the embryo which is below 
the cotyledons is known as the radicle, It is more properly 
termed caulicle (that is, stemlet), for its mode of growth is 
not like that of the root, but like that of the stem above the 
cotyledons. The name radicle should be restricted to that 
which is the beginning of the root, namely, the free end of the 
canlicle. The caulicle is termed also the hypocotyledonary stem, 
or hypocoty]; while for the axis which is developed above the 
cotyledons, that is, from the plumule, the name epicotyledonary 
stem may be used. A large hypocotyl, which has begun to 
germinate, displays the structure of the stem to good advantage ; 
but the initial cells and the nascent tissues of the stem mast be 
sought at an earlier stage, for instance, in the plumule of a well- 
formed embryo, as that of Phaseolus or Faba., A vertical section 
through the plumule, made transparent by a clearing agent (see 
24), shows that the cells have much the same arrangement as in 
the root-tip, except that no protective cap is present. 

357. The outer layer has divisions only at right angles to the 
surface; it is continuous with the epidermis further back, and 
is easily recognizable as nascent epidermis (Dermatogen). En- 
closed by this are layers which form an arch, the nascent cortex 
(Periblem), ‘This encloses 4 mass of tissue from which the fas- 
cicular system is derived (Plerom). These tissues are ¢ssen- 
tially the same in character and development as the corresponding 
nascent tissues of the root. 

358. As the tissue elements develop from these nascent tis- 
sues, the stem is produced; its stracture is, however, generally 
complicated by the early formation of lateral appendages, — leaves 
in some of their modifications. Moreover, the tissues of the 
stem sre continoous with the tissues of the leaves, and itis there- 
fore necessary to take into account the mutual relations of these 
two organs. The problem becomes still further complicated, in 
a large number of cases, by the production of branches of some 
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areal are of course intimately united with 
axis from which they are given off.! 
Parmmany Sravorune. 










859, In the atem, or ascending axis, the distribution of tissue 
similar to that in the descending axis, —the root. 
‘There is a more or less transient epidermis, a cortical substra- 
tam, and a central cylinder of some kind. 
860. The epidermis of stems presents few peculiarities of 
structure beyond those already described in Chapter IL, In 
eur ms plants it persists with little change, except in 
trichomes, throughout the life of the plant; but 
bog eal epee pana often early, by other pro- 
tective tissues. Persistent epidermis is found in many woody 
and half-woody plants; for instance, Russelia juncea, Leyces- 
teria formosa, und Ptelea trifoliata. 

In Palms?“ the epidermis exists in old age only in the cane- 

| stems; in the rest it is more or less destroved 

by SeealisasTicle alcnguiel to the it consists of a simple 

er in the direction from without 
inward, and forms a stony, brittle, shining layer.” 

S61. The primary cortex* consists essentially of parenchyma 
{cells of a peculiar character may often be found, 
as crystal cells, laticiferous cells. tannin cells, 
292); and its intercellular spaces sometimes 
serve as receptacles for the various exudations. The paren- 
generally contain more or less chlorophyll, and some 


diately beneath the epidermis, and not easily dis- 


multiple epidermis, is a portion of the cortex 
It is rarely sclerotic parenchyma, more 


tially ; and the 
eu yb rrtlngs 









veer ky bya 
Is germination, or buds collected 
wd. preserved at once in alcohol. Teatitanatea fase 
sve the date of eallection of each specimen recorded in sach a 
arise. 
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of plants of different groups are 
er, some diversities as regards the arrangement 
of the wood and liber elements are exhibited; but most of the 
cases can be referred without difficulty to the class of 

866. Collateral bundies (see 313) of the ordinary type ; 
namely, , those baying liber on the external aspect and wood on 
the internal aspect. Tn some cases, however, this order may be 
exactly reversed ; ¢.¢.,. in the cortical fascicles of Calycanthacer. 
The : is in collateral bundles are generally arranged 
in radial series; the inner ducts or their equivalents (tracheids) 
being more slender and having more closely coiled spiral mark- 
ings than those nearer the periphery of the bundle. ‘The radial 
series may be in | contact, separated by yery thin plates 
, or 









one. In stems of monocotyledons there is less regularity in the 
arrangement of the wood-elements, but there is a substantial 
keness in structore in any group. They are generally in 
the form of a blunt wedge, the apex towards the centre of the 
*space between the inclined sides of the wedge being 

S ied hy small ducts, wood-cells, and fibres. 
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367. The cribrose portion of a collateral bundle often has, in 
addition to true cribrose-cells, prismatic, thin-walled cells, known 
as cambiform cells.4 

368. According to Véchting* the cambiform and cribrose cells 
appear in some cases to have a common mother-cell, which di- 
vides obliquely in the direction of its length. ‘The eambiform 
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cells may divide by transverse partitions, and if the cells are 
moderately large the last divisions may be parenchymatous. In 
most monocotyledons and dicotyledons the cribrose-cells are much 
larger than the eambiform ones, and their cross-sections are distin- 
guished by being less sharply quadrangular. In many succulents 
there are also very small cells resembling undeveloped eribrose- 
cells. 

869. The cribrose and woody parts of a collateral bundle are 
generally distinguishable from each other by the lignified char- 


2 De Bary reserves for these cells the term Cambiform, which was used by 

Wageli in a wider soneo, 
zur Morphologie und Anatomie der Rhipsalideen, Pringsheim’s 
Jahren 1874, p. 327. 

Fra, 00. Transverse ssetien of a part of the central cylinder of the mature hyposoty- 
ledonary portion of the stom of Ricinus communis: ¢, parenchyma ef the primary 
cortex; m, of the pith; between rand 6 ts the simple endodermis containing starch- 
grains; tho fibro-rascniar bane is made up of the plilo&im d, y. the xylem g, f, and the 
cambium ¢, 67 eb, interfascienlar eaintlam, nthe poten are Gia tab 
soft bast y, y (partly parenchyma and partly crfbrese-tubes); In the xylom, small pitted 
ducts ¢,f, wider pitted ducts g, 9, and between them wood-flbres, (Sacl.) 
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acter of the latter and the softer texture of the former, As has 
‘been before noticed (see $45), in dicotyledons and gymnosperms 
in which there is annual increase in diameter there is a layer 
of peculiar merismatic tissue (cambium) between the two parts. 
It is generally easy to identify the cells of this cambium layer, on 
account of their elongated form and intimate contact with each 





other. Their development gives rise (1) to new cells like them- 
selves, (2) to cribrose and (3) to woody elements ; all of which 
are to be examined later, under ‘* Secondary Structure.” 

870. The sheaths of collateral bundles may have the character 
of typical endodermis and envelop the single bundles, or may 
consist of strands of long fibres (hard bast), which are on one 
side of the ecribrose portion, and accompany the bundle through 
‘its whole course in the stem. The strands of fibres frequently 
encroach upon the cribrose part of the bundle so much as to be 
more or less commingled with it (sce 311), 

371. The stem may sometimes have dicollateral bundles either 
(1) with the woody part on the interior as well as on the exterior 
aspect (¢. g., Cucarbitacer), or (2) with an envelope of wood 
surrounding the liber; this envelope is seen at the extremities of 
the bendle, while the rest of it has the ordinary character (Iris). 

$72. The bundles of the stem may be concentric (see 818); a 

‘Fre. 100. section of a flbro-vascular bundle of Ricinus (the 
shows In Fig. 99): +, cortical parenchyma: ys, bundle-sheath; 0, a 


Pe 4 ieseithad ek rae of sulie Lonreums = cls deralege 
Ly a portion of the bandlo the elements are devel- 
Saree re as «Sr Senter at ne rl tet, wide ed 
"band cnoniiing? f, duet, thickened i a soalartform, partly 
‘8 relicnlate manner; hh’, AW", wood-celle; 1, duct; q, abeorbe septum 
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ring of liber may surround the whole of the woody portion, or 
me dbigitgoras ata. pein The former of these 
ments is common vascular cryptogams (sec Me 

373. The pith of the stem consists of rae 
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$74. The medullary rays comprise the conjunctive parenchy- 
ma, which lies between the bundles in the stems of normal 
dicotrledons. The cells are for the 
radially, always so in those cases where the bundles are closely 
approximated (see also 207). 

875. The stem develops from the bud hy extension of its 
internodes. When these have attained a certain length, different 





4 The peculiar structures found occasionally in the periphery of the pith of 
Sainbecws, and sometimes in the bark, have heen mistaken for fangi, but have 
‘been shown by Oudemans and by to be receptacles for a wary heteroge- 
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of the fascicles, and they 
curve considerably in their 
course, so that it is often dif- 
ficult to follow the foliar trace 
for more than a short dis- 
tance. If the stem has alter- 
nate leaves, the direction of 
the foliar traces will of course 
be different from that in a 
stem with opposite or verti- 
cillate arrangement of the 
leaves. The following figures 
exhibit the course and dis- 
tribution in a few cases : — 

In the leafy shoot of Clem- 
atis, Fig, 102, the leaves are 
opposite and decussate. From 
each leaf there descend three 
fibro-vasenlar bundles ; for 
instance, at the lower node 
there are a, J, cand ¢, f, d 
The leaves at the node next 
above decussate with those 
below ; each of them has 
three fibro-vascular bundles, 
respectively, i, g, & 
and &, A, m, which 
become somewhat 
smaller as they de- 
scend to the next 
node, where they be- 
come blended with 






















m 
a blending of the bundles at the node below. 


inder ; there is again 





Fig. 102. Diagrammatic view of » loafy stern of Clematis, showing the arrangement of 
the fibrowrascular bunles: a, b, ¢,—¢./F, d, the fascicles from the lower pair of leaves; 
49, 4—2, h, m, the fascicles from the second pair of leaves; 9, 7, 4 —p, ®, 0, the 
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‘oth intr tra of tea in st» can nhs rn dom 

bend outwards at the node below, and 

re acsgacosr ohana of the ot cla tis is 
o » that a ion stem of Clema: 

node represented in Fig. 102; all the fibro- 

will be seen in their relative posi- 


of tracing the bandos ont, and not to the method 


heaves; ying tn," ngram hain 
rg ‘fascicles. Tho Giagram illustrates 


ano Apter, showing he 
‘the simplont palm-type. (FalKenberg.) 
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ture (see 390) ; but in Fig. 103 the bundles are closed (see $15), 
and incapable of 
further increase in 
thickness. Hence 
any furthergrowth 
in thickness of the 
stem shown in 
Fig. 103 must be 
by the intercala- 
ton of new bun- 
dies. 

379. Inwas held 
by Desfontaines * 
that the new vas- 
colar bundles in 
Palms originate in 


4 Quoted by Mobil, 
in The Structure of 
the Pala-Sivm (The 
Ray Society, Reports 
and Papers ou Bot- 
any; London, 1849). 


Another illustration 
of the arrangement of 
fibro-vascular buidtles 
fs here given «— 

‘The stem of the Vi- 
tis vinifern is usually 

as sympo- 
dial; that ix, it is com- 


large of internodes 
longing to different 





7 
| any tendril, next the 
ate - sequence of two with 
Fro. 104, Tinginmais peaietb, shuwing thedisposition of the flbro-vascular bun 
ida bn « leafy shoot of Vitis vinkfora. Rach losf has five fheclcles, which aro sumymme- 
trically arranged: m, 6.6.0.6) 8, a8, Lee Oe ge he ee brash dbp ye 
4,4, Each tendril has three tibro-rascular bunitles passing tn’ from the scom, gy. (,5 7 
the axillary buds have aloo threo, fam n, (Sigel) 
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the centre of the stem, and that the hard and thick vascular 
bundles, situated at the periphery of the stem, are older than 


endogenous as applied to the growth of stems like 
is not appropriate, and hence the correlative 


Ui 





lies in one or more co-ordinate divisions. Of these attempted 








‘Wendrils is resumed, Every leaf has five fibro-vascular bundles, which are 
Fas shown in the figure. The long distanoe through 
which some bundles can run before uniting with any others, and the differences 

in structure at the successive nodes, are clrarly exhibited in the diagram. 
a 0.10. Diagrammatic profection of tho (lisposition of the flbro-rascular bundles in 
Thin: 1 Uke Fig. 104, superposce two longitudinal sections, 
Mader at, be. bs Se) By i: tym, O> Gyre ty t7 ayes WO, wy the metoem 
‘with four thacicles, Of the mpper leaftmce, the first two fusctoles, 

isibie. , &, £, p, fusciolcs fur the three leaves below. Nugeli.) 
’ 


— 
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classifications only one will be given here, and that only in part 
and somewhat rearranged ; namely, de Bary'’s : — 

I. The palm-type. A cross-sec- 
tion of most monocotyledons shows 
that the bundles are not arranged 
in a simple ring, but that they are 
irregularly scattered or more or 
Jess crowded to form a shaft, which 


3 
7 
%, 
z 
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may be hollow as in most grasses, or filled in the centre with 
parenchyma through which scattered bundles run. The periphery 
of this cylinder or shaft is not a true bark, nor is the middle 
true pith. In the simple palm-type, all the bundles are leaf- 
strands. 

Il. The dicotyledonons type, in which all the primary bundles 
are leaf-trace threads, The bundles are arranged in a simple 
circle within which is pith, outside of which is cortex; medullary 





sootion through the outer part of the stem of Kunthia mon- 


ea ss tte Tice orem wusns Gcmngh Ue noldle putt ols hes ahettat CREE 
ooifors, » Palm. (Mohl,) 
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382. Branner' hay shown that the bundles in Palms do not 
end blindly at their lower extremities upon the surface of the 
stem. but that they are connected in sections or divisions from 
base to summit one with another, and one on top of another, 
He has further shown that each bundle lies in a spiral curve 
within which it grows; and whether it retarns to the surface 
upon the side in which it originated or upon the opposite side, it 
is always in this curve. 

383. The structare and development of monocotyledons have 
received much attention during the last few years, and the 
results obtained have caused some modification of previously 
existing classifications. wo -0f Ban pepe estionda: Bfiro- 
arrangement are herewith given: — 

384. PRESEN esis Map ales tie Wives tllowing trpai of slice 
of 

I, The tissue of the central cylinder is not plainly separable 
even in its mature state into conjunctive parenchyma and fibro- 
vascular bundles. (To this type belong the water-plants, 
Zostera, Potamogeton, and probably all submerged monocoty- 
ledons.) 

If, The bundles and the fundamental tissue are plainly differ- 
entiated; the former extending almost horizontally from the 
leaves to the middle of the cylinder, then curving downwards, 
running outwards, and finally terminating in the superficial 


Seed hae ha Sorves eereste lth precisely one half divergence, and in- 
ehade the stem, and that the threads stand tangentially perpendicular, then the 
actual course in the stem will be shown in the plan of a radial section through 
the median thread of a leaf given in Fig. 109. But the assumption of a radi- 
‘come is valid only for those bundles which are also tangen- 

As was first observed by Meneghini, admitted afterwards 

ise oes 100); si. more salaately shown by Nigol, cack 


to the radial curving. Nigeli found 
of « leaf of Chammdorea elatior, Mart., for example, making 


andles of the stem of Xanthorrhoss, which press almost horl- 
OEIC xem minaret al alias 

® appearance ©! juently mentioned. 

i Y aa fine thet comin of'a thread which bine bere been 
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layers of the central cylinder, (The Mobl-Mirbel Palm-Type, 
illustrated by Asparagus, Iris, Canna, Aspidistra (see Fig. 103), 
Acorus, Scirpus, Zea, etc., the 


fundamental tissue are plainly 
differentiated ; the bundles run- 
ning downwards, and gradually 
converging at a point in the 
middle of the central cylinder, 
here blending with the leaf- 
traces of older leaves, without 
again curving outwards. (Ex- 
amples are afforded by Trades- 
cantia, the parts above ground 
of Lilium, Talipa, etc.). 

385. Guillard? describes six 
types of stracture in the stems of 

no monocotyledons which de, 

chiefly upon the relations of a central zone (called ** interme- 
diate”) to the fibro-vascolar bundles in the remaining portions of 
the stem. The classification has no substantial advantage over 
that of Falkenberg. 


+ These types will be better understood after some peculiarities in the ter- 
minology are explained. By *“* pi in monocotyledons, Guillard means the 
central region of parenchyma; by ** intermediate zone,” the active zone imme- 
diately surrounding the central region; by “cortical zone,” the zone outside 
the external circle of buniles and the products of the intermediate zone. The 
six types are the following : — 

lnt Typo, No intermediate zone Detweon the pith and cortical zone; 

 g-» Polygonatum vulgare. 
Type. An intermediate zone represented by different tismes ;— 
1, Consisting of cauline bundles ; ¢. g., Iris florentina. 
2. Consisting of meristemiform tissue (that is, tissue which 
from secondary meristem retains the shape but not the activity of 
toristem) ; ¢, 9., Churmmdorea elatior. 
%. Consisting of a fascicular sheath ; ¢. g., Epipactis palustris, 
4, Consisting of the three foregoing ; ¢. g., Acorus Calamus. 

84 Type. A single external zono of bundles, with a potential intermodiate 

zone; ¢. g., Luzula campestris. 

4th Type. Common bundles in two groups: one at the centre of the stem, 

the other forming the ordinary circle, separated from the first by a poten- 
tial intermediate zone ; ¢ g., Tradescantia Virginica. 

Tro, 110, Distribution of the Sbro-vageular bundles In the lesf-khaped branch of 
Burcus hypogiosaum, (Ettingshausen.) 
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Sxconpany Sravervune. 


$86. It has been noticed that the fibro-vascular bundles of 
differ from those of dicotyledons chiefly in the 
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at different heights ( 
eaves with which they were developed were at different points 
‘on the stem). A vertical section can display only parts of most 
of these curved bundles. At the stem of « palm just below the 
crown of leaves there are as many bundles seen in a cross-sec- 





Sth Type. A centril mass of secondary tissuc, formed from contral meris- 
tem. Intermediate zour well developed ; ¢. g., Triglochin maritimum. 
“Ch Type. Bundles baving several distinct liber elements; ¢. g., Tamus 
a (Anatomie de ta tige des Monoeotylédones, Ann. des Se. 

- nat., sér. 6, tomo ¥., 1878, p. 1.) 
mesh of primary fhectcler intermingled with secondary 
stem of an Opuntis. (Retnke.) 
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(nees oan generally be referred to eccentric growth of some one 
wr aire parts, a6 in fattened stems, or explained by the intro- 
duction and more vigorous growth of supernumerary bundles. 

(4, Extraordinary anomalies are afforded by the Manes of 
tropleal countries, woody climbers with distorted stems, They 
lwloug chiefly to a few orders; namely, Bignoniaces:, Mal- 
pighinoew, Menisperuimcem, and Aristolochiaces. A few inter- 
ostlig eases are sbown in the accompanying figures, and are 
wullloiontly explalned in the descriptive letter-press. 
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leaves on the 7th of June; while in a 
2 was removed later (July 10th), 
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‘The largest number of rings yet reported in any case appears 
to be that given for the great trees of California ; > 
“2,100, with a probability that others considerably exceed this.” * 
Other higher numbers of rings or estimates of age are, however, 
given in some works.* 

399. That it is unsafe to base any calculation of the age of a 
tree upon its diameter follows from the fact that its growth dur- 
ing one year ditfers from that during another (see 400). Even the 
ase of De Candolle’s modification of Otto’s rule,* which is per- 
haps the best yet given, leads to erroneous results. The method 
assumes that the number of rings averages nearly the same to 
any given unit of thickness in the outer as in the inner part of 
the stem. Having determined the number of rings in an inch 
just under the bark, this number is multiplied by the radius in 
order to obtain the whole. For example: Extract from opposite 
sides of a tree two pieces having a depth of two inches each, 
Suppose the number of rings in the two-inch piece on one side 
to be 20, while in the other there are $2, the average per inch 
will be 13. Deduct twice the thickness of the bark from the 
whole diameter of the tree, to obtain the diameter of the wood 
in inches, and multiply one half of the diameter by 13. 

400. The woody rings annually formed in a stem differ con- 
siderably in size; a narrow ring being the growth of a cold 





1S, Watson, in Addendum to Botany of California. 

2 The following estimates cited by De Candolle (Physiologie Vigétale, 
p 1007) are believed to range altogether too high : — 

The Linden of Neustadt, in Wiirtemborg, 1147 years. 

‘The Oak of Boriza (ou the Baltic), 710 distinct rings counted and 300 ine 
distinet rings estimated = 1010 years. (By Otto's rale this would be 1080 


m8.) 

‘The Yew of Crow-Hurst (Surrey), measured by Evelyn in 1660, 1458 years, 

‘The Yew of Brabarn (Kent), measured by Evelyn in 1660, and said by him 
to be superannucted, 2880 years, 

‘The estimate given ty De Candolle, of the age of trees of Adansonia (Bao 
bab); namely, 6,000 years, has been shown by Dr. Gray (North American 
Review, 1844) to be wholly erroneous, a 

3 Otto's rale ix thus given by De Candolle: Ascertain the diameter at the 
height of about five fect, and make a noteh at the same point on the eireular 
surface, to counts certain number of annual layers which we measure We 
then find the annual growth of those trees which have left off growing im height 


by tho formate 4#(2——*9 ¥, and of thove which continue to grow in height by 
the formula A=O>243¥- py teing the diameter of tree; V, volume of ame 5 
d, thickoess of nunual layers which have beon counted ; », the number of these 
layers (Physiologie Végétale, p. 982 . 








SAPWOOD AND HEART-WooD. 1 


adit ‘Their width varies also 
‘different localities: thus, in Pinus sylves- 
en 50° and 60° north latitude, in Europe (the 
y the British Isles), the annual layers are very 
of a millimeter in thickness; while in the 
north, the thickness is not yy of a milli- 
yaries also in different parts of the same 
, in the case of Pinus sylvestris, Bravais and 
two opposite radii in a stem to have the ratio 
having the greatest thickness being that 
best exposed to air and light. The eceen- 
wood of branches has been often noted; the 
those on the lower side. 
aay The new and soft wood con- 
tion of soluble organic matters, of nitro- 
Iesaioaant ah ae watery tKani iia older, 
t within, The “sap” of the tree is found 
the newer wood. The name a/burnum was 
p-wood by the early histologists on account of its 
le color. Contrasted with it, but not always very 
substance, Heart-wood, or Duramen.* The 
fetter arate clit renter shaieaties id 
rally there is some distinction in color between 
| heart-wood, owing to the presenve of peculiar 
lodged in the texture of the latter. 
wr of wood. The deep colors which characterize many 
x enero ose Sane i She walls Ol Ciercelleinnd 
Campechianum the coloring-matter 
Ride (a erydlald tcatda. the bolls tamenl ven or 
0 ‘The wood of Pterocarpus.suntalinus (Red 
nsists of libriform cells intermingled with small 
y large ducts, both of which contain the ruby color- 
Jarge amount. Many Berberidacese, Cladrastis 
ete., have yellow coloring-matters in the wood ; 
color is greenish; in black walnut, brown; in 


: Ann, des So, nat., adr, 2 tome xix., abe 
4s used by some writers to denote merely that heart- 
infiltrations (Saunersdorfer, in 


figures, proportion of sap.wooil to the entire vol- 
, se toe Rredbrid (Leivephc of Catantey Section X., elted 
taut, 1; Uuk, 0.294; Scotch Fir, 0.418. 
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403. Tt may be here mentioned that many woods have charac- 
teristic odors; for instance, sandal-wood, violet-wood, and many 
of the coniferous woods. 

404, The presence of resinous matters in wood, particularly 
when these are evenly although sparingly distributed through the 
mass, exerts a marked effect in retarding decay. The durability 
of the wood of Southern Cypress, even when exposed to the joint 
action of the warmth and moisture of a greenhouse, is usually 
attributed to their presence. But there are some cases of great 
resistance to the influences producing decay, which cannot be 
referred to the same mode of protection; for instance, those of 
Robinia Pseudacacia (or common ‘ Locust") and Catalpa. 

405. Various processes have been tried for destroying the 
putrescible matters in cells, or so modifying the character of 
the cell-wall that the wood can be protected against decay. 

406. The oldest known method of preserving wood is car- 
bouizing, or charring, by which those constituents of the wood 
specially liable to decay are so changed as to be no longer liable 
to putrefaction. The wood-preserving processes known as Bur- 
hetlizing and Kyanizing have for their object the coagulation of 
protein matters in wood-cells, thus retarding if not preventing 
putrefaction. 

407. In Kyanizing, a solution of mercuric chloride is forced 
into the texture of the wood; but the cost of this substance 
is so great, that it has led to a general abandonment of the 


process. 

408. In Burnettizing, the wood is impregnated with a solution 
of zine chloride containing about fifty-five per cent of the dry 
chloride. This is forced into the wood under pressure. 

409, Another process — creosoting — depends upon the intro- 
duction into the wood of a solution of impure creosote, a pressure 
of about one hundred and fifty pounds to the square inch being 
maintained until the wood has absorbed a sufficient amount of 
the antiseptic liquid. Some of the antiseptic matters obtained 
by a rough distillation of coal-tar are also used for preserving 
wood, 


It is an interesting fact that even wood which in the sir 
is specially liable to decay can be preserved for a long time if 
deeply submerged in water, 

410. ‘There is an appreciable difference, especially in length, 
between the wood-cells of the earlier annual rings and those 
which succeed them; and Sanio has shown that an increase of 
length of the cells occurs up to a certain period of growth, when 


_ ———_ =— | 











Ctaatiekpoeed: This is the case with some of 

* Vitis, in which the bast becomes detached in the 
ig, loose shreds after the first year. 

found in bast are very abundant. They 

¢, and occur both singly — arranged in 


and distribution of the fibres of bast 


g list, taken chielly from Sanio :— 
vA fookecodiattial Lategty 
us Padus, Punica Granatum, Ptelea trifoliata, Ribes 
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418, In some plants, notably the birch, papery layers exfo- 
liate from time to time, while in some other plants, ¢. g., the 
shag-bark hickory, large strips of irregular form and thickness 

detached. Owing to the mode of their formation, such sepa- 
very heterogeneous elements. Of them 
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bark, the most complicated epidermal 
kingdom.” 


419. Injuries of the stem, The stem, especially in the case 
of plants living many years, is particularly liable to injuries, the 
most frequent of which are of course the wounds left by the fall- 
Tt is proper to treat here of the natural 


Ly 
by which the deeper tissues are exposed, the surface of 





+ Text-book, 2d Eng. ed., 1882, p. 95. 


P10, 117. Formation of cork fa = branch of Ribes nigram, ome year old; part of = 
Rema rans & ceteris: >, bate: 3, best call: pr: cortical pareuahyues dle 


150 MINUTE STRUCTURE OF THE STEM. 


the wound exhales moisture very rapidly, and under ordinary 
circumstances, except in spring, soon becomes dry, As Hartig' 
has shown, the drying of the exposed tissues is fatal to their 
component cells, and the organic contents speedily undergo 
chemical decomposition. The products of this i 
have been further shown by him to be fatal to neighboring cells, 
and under certain conditions the mischief may progress to an 
irreparable extent. But usually there is an arrest of the de- 
structive action either from lack of the free oxygen necessary for 
the putrefactive process, or by the protection afforded by tissues 
for repair. Wounds in resinous trees are measurably hindered 
from effecting much damage, owing to the exudation of liquid 
resins which exclude air. 

421. The smaller wounds of a plant are generally healed by 
cork or by callus. 1. By cork. The superficial layer of cells at 
the surface of the wound is destroyed by the injury, and dries 
at once. In soft tissues the layer just below this immediately 
becomes merismatic, and behaves precisely like normal cork- 
meristem, covering the entire wound with a grayish or brownish 
film, which is in unbroken connection with the edges of the 
wound. Extreme dryness of the air, or, on the other hand, ex- 
treme humidity, hinders repair by cork. 2. By callus. This is 
best studied in leaves and in **euttings.” When a young, juicy 
leaf is wounded by an incision, some of the cells at the exposed 
surface may give rise to elongated sac-like bodies, which fill up 
the greater part of the injured cavity, and, according to Frank,* 
serve asa new epidermis. Or small cells in close apposition 
may be at once formed, and completely protect the tissue below. 
In ** cuttings” the callus immediately forms a swelling near the 
wound. A portion of the callus may by continued cell-division 
extend over the cnt end, everywhere bounded on its 
surface by a cork layer. Activity of the cells in the callus and 
around the fibro-vascular bundles soon gives rise to new parts, 
for instance, roots. 

422. It often happens under favorable conditions that a large 
mass* of tissue is gradually formed around, and finally over, a 
large injured surface. 





} Zeractaungserecheinungen des Holzes, Berlin, 1878. (Quoted by Frank.) 

? Die Pflanzenkrankheiten, 1879. 

4 Usually when a branch dies it remains attached for a while to the stem; 
and no wound is in fhet caused nntil the slow desiccation of the deeper tissues 
has gone on to a considerable extent, sa witht ate 
air or outside moistare, When the branch at last falls off, tho tissues 
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£23. Lenticels are peculiar breaks in the continuity of the 
periderm of dicotyledons. In some cases they can be detected 
under minute elevations of the epidermis of the first year, which 
split open either at the end of that season or during the next, 
forming a rift running lengthwise of the stem. Through this cleft 





underlying tissues appear, protrnding in an irregular manner, 
the whole structure constituting a lenticel. According to Stabl,* 
thore are two types of lenticela: 1. Those with loose cells in the 
rift, alternating with denser lines of cells. This is the most 
common type, good examples being afforded by Alnus, Pranus, 
Z¥sculus, ete. 2. Those with closely united cells and with no 
denser lines. Tlustrations can be found in Sam- 

buens (see Fig. 118), Salix, Cornus, ete. The same authority 
states that in winter both of these kinds form an impervions 
i like layer. It appears from Stabl's examination that 
their complete and open state they aid in the exchange of 
gases between the interior and exterior of the stem. Klebahn* 


its re in a healthy condition, while the internal shaft of wood is dry, and 
not to undergo rapid decay. The formation of a separative mass over 
‘the wood can therefore go on to completion, 

4 Bot. Zeit., 1873. Compare Haberlandt: Sitz. d. k. Akad. Wien, Band 
Aexii. Abth. i., 1875. 

® Berichte der deutechen botanischen Gesellschaft, 1883, p. 119. 

Pig. 118. Scotion through » Jentcel in the periderm of Sambuens nigra: &, per- 


eer eee ©, Maristam, abowe which are the cella therefrom prodacedl; 
. 
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has lately shown that even in stems with the periderm free from 
lenticels, provision for exchange of gases is secured by certain 
intercellular spaces at or near the points where the medullary 
rays come to the periphery of the stem. 

424. Grafting. If the cambium tissue of a young shoot is 
retained for a time in close apposition with that of a nearly 
related plant, union of the two parts may take place, and the 
wound may heal by the natural process before described. Suc- 
cess in this operation depends upon selection of suitable stock 
and scion, choice of the proper season, freshness of the cut sur- 
faces, and, generally, exclusion of air from the wound. The 
methods of bringing the surfaces of the stock and scion together 
in this operation of grafting are innumerable, but for the pres- 
ent purpose may be referred to two principal types; (1) that in 
which the scion, wholly separated from the plant on which it 
grew as a branch, is placed in some sort of a cleft of the plant 
which is thenceforth to furnish it with nourishment; (2) that in 
which the scion is still retained in its connection with the parent 
plant, but is bent over and a freshly cut surface kept in contact 
with a cut surface of another plant, until the scion has fairly 
become attached by organic union. When this is accomplished, 
it is cut off from the parent plant. This type of grafting, in its 
many varieties, is known as “approach grafting.” It takes place 
in nature, as shown in the following paragraph. 

425. Two branches of one plant may become united when, 
after removal of a section of bark from each, the two denuded 
“surfaces are kept in apposition for a time. Such unions of axial 
organs are not rare. Occasionally they may take place between 
two shoots at a point near the root, so that the trank will ulti- 
mately consist of a single deeply grooved stem. The union may 
be between two plants of the same species, or even between 
plants of different species. The attrition of two branches which 
have grown against one another may suffice to wear off the bark 
on both down to the cambium, and then, if their exposed surfaces 
are held together for a while, union will follow. Such natural 
grafts are met with frequently at the borders of forests. 

426. In the kindred operation of budding, a bud with a little 
of the tissue behind it is placed in a cleft in the bark of the 
stock, so that the cambinm layer of the two may come into close 
contact. 

427, The stem may be invaded by parasitic roots at any part, 
and its subsequent development seriously affected thereby. Such 
invasions often give rise to swellings, distortions, ete., by which 
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the strocture of the stem becomes much disguised. In the case 
like Phoradendron, which live for several years, a 
vertical section through the stem of the host-plant shows how 
complete the union is between the host and parasite. The junc- 
tion has been well compared to that which takes place between 
a scion and its stock, since the newer-formed tissues of both 
plants become perfectly united, and their ‘eubsequent growth 
govs on together. 
428. The relations of the root to the stem are not complicated, 
the bundles at the ‘‘ crown” of the root, or the 
point where it meets the stem. When the primary structure of 
in which the liber of the root is arranged in one 
‘way and that of the stem in another, as shown in Figs. 92 and 
112, pages 111 and 137, is followed by the formation of a true 
cambium ring, the subsequent growth of root and stem is alike. 
‘Yearly additions are made in the root in the same way as in the 


raed Tee! produce: ak any’ part of a stem where sdequaté 
moisture and warmth are furnished; but they strike off chiefly 
‘at oodes, and, in the ease of cuttings, also at the seat of injury 
where the callus is formed. Such secondary roots form on stems 
in much the same manner as root-branches do upon roots. 
429. Rudimentary and transformed branches present few ana- 
tomical difficulties, In the structure of a branch tendril, or 
runner, it is generally easy to recognize the degree of reduction 
which the normal fibro-vascular system has undergone. In the 
ease of underground stems and branches there are often puzzling 
a Ss, but they can mostly be explained by the following 
ont by Costantin,' who has made a special study 
na rerceelaedhaqenoneade 1. The epidermis, if present, 
by becoming cutinized first on its outer walls, where 
‘it may aequire considerable thickness, and later on its lateral and 
internal walls. 2. The cortex increases either by enlargement 
opted multiplication, the collenchyma diminish- 
ing or completely disappearing. . A cork-layer is sometimes 
produced at an early period, from different points in the epi- 
dermis, in the cortical parenchyma, in the endodermis, in the 
layer of the bundles, or, lastly. in the liber. This 
extent the fibrous Inyer which is so com- 
but never much developed in underground stems. 


1} Anm, des So. nat., sir 6, tome xvi., 1983, p. 164. 
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436, The growth of the young leaf is plainly terminal at first, 
— that is, new cells are added just in front of the older ones; but 
it soon becomes intercalary as well, new cells being introduced 
between those previously existing. According to the seat of 
activity, this growth may be basipetal (the zone of growth being 
near the base of the leaf-blade) or basifugal (the zone nearer 
the apex of the leaf). In most cases the base of the leaf-blade 
and the stipules early attain a good degree of development, after 
which the petiole appears. 

For the purpose of noting the peculiar mode in which the leaf 
blade expands, the simple device suggested by Hales? is perhaps 
as good as any. Through a piece of stiff pasteboard sharp pins 
are thrust, and fastened at equal distances from each other; for 
instance, so as to form little squares of } inch side. By this sim- 
ple instrument a young leaf is pierced through with holes at equal 
distances; then if the leaf elon- 
gates more than it widens in the 
space thus covered, the holes will 
separate in the direction of the 
length of the leaf more than in that 
of its width. The injury done to 
the leaf by these small perforations 
does not appear to check or other- 
wise much modify its growth. 

437. Fibro-vascular bundles. 
The distribution of fibro-vascular 
bundles in leaves has been con- 
sidered in Vol. L, under ‘* Vena- 
tion.” The two principal types of 
distribution of the bundles, there 
spoken of as ** veins ” or ** nerves,” 
were shown to be (1) parallel. 
(2) reticulated, Parallel venation 
(seo Fig. 119) is characterized by 
having large ‘‘ veins” or ** nerves” 
running free through the leaf (that 
is, not connecting with each other), 
or without any obvious anastomo- 
sis; while in reticulated venation 
the veins form a more or less com- 
plicated network. 


1 Statical Essays, vol. i, 1781, p. S44. 
Fid. 119. VYenation of the leaf of Conrallarta tatifolla, (EtUingsbaason. ) 
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488. Parallel venation is of two 
principal kinds : (1) that in which 
large nerves ran in long curves 
from the base to the apex of the 
leaf; (2) that in which smaller 
nerves ron generally at right an- 
gies from a main nerve (or midrid) 
to the edges of the leaf. In both 
these Kinds of parallel venation 
the veins are more or less con- 
nected by means of inconspicuous 
cross-veinlets and by the anasto- 
mosing extremities, but some of 
the veins may be free. 

439. Reticulated venation is 
likewise of two principal kinds : 
(1) palmate (Fig. 120), in which 
relatively large veins diverge from 
each other at the base of the leaf; 
(2) pinnate (Fig. 121), in which 





a1 


FG. 12%. Venation of the leaf of Asarum Europmam (Ettingshausen ) 


Pro. 121. Venation of the leaf of Salix grandifolia 


(Ettingshausen 
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446. ‘The centric arrangement has two modifications: (1) that 


in which the whole pulp is composed of chlorophyll parenchyma, 
but towards its mid- 





from ah aeti bat, in succulents, very rich in sap (Aloe, 
Mesembryanthemum, 
ete.). In both the 
foregoing  moddlifica- 
tions the upper layer 
of the parenchyma 
may be composed of 
somewhat longer cells 
than those below, and 
to them can be applied 
the term more gener- 
ally given to those in 
thenext type. namely, 
patisade-celis. 

447. The bifacial 
arrangement has the 
denser tissue in that 
part of the Icaf which 
is exposed to the 
light. This usually consists of several layers of palisade paren- 

Fie, 12% Leaf of Pinus Lariclo. Cross-section of part of the leaf, xbowing the 

fant parenchyma. "The Polifod walls of the parenchynun-cells (00 

In the culls below tho renin-pasaage (770), where they have been 
‘thelr contents. (Kny.) 

Mi, TER ‘Transverse section uf a leaf of Tex Aquifollum, showing arrangement of 


parenchyma; spongy parenchyma: A, by 
Yeni, stomata ace taut cody op the lowes wertaovot the aa, 
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452. The epidermis of the leaf is continuous with that of the 
stem. Its principal features have been described in Chapter II., 
and only the following need now be recalled. 1. It may be 
simple, that is, composed of one layer of cells; or multiple, — 
than one. 2. Immediately below it may be found in 


g 
i 


hypoderma. 
3. The epidermal cells are in un- 
broken contact with each other 





Nepenthes (see Part I.). On making a section of one of the 
nectar-glands found on a young poplar leaf, the epidermis will 
‘be seen to be transformed into a double layer of thin-walled, 
elongated cells forming the secreting surface, which is charged, 
‘together with the parenchyma lying below it, with a syrap de- 
rived from the transformation of starch. At times the secretion 
from a gland is so abundant that drops of considerable size 
collect upon the surface of the leaf, and if rapid evaporation 
takes place, crystals of sugar are deposited at the gland 

454. The leaves of submerged phenogams, for example those 
of Potamogeton and Myriophyllam, possess no true epidermis; 
the parenchyma is therefore in direct contact with the surround- 


4 Trelease > Nectar and its Uses, in Report on Cotton Insects (United States 
Department of Agriculture, 1879), and Nectar-Glands of Populus, Botanical 
Gazette, vol. vi. p. 284, 


Pip. 124. Transverse section thi leaf of Camelia (These) viridis, showing: 
seldermiay b, branabed Uersealls yt arop\r,eryeala, (3tiebal} fo 
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surface of the stem; but it may occur a little higher up, so that 
some of the petiole remains attached to the stem* (Rubus, 
Oxalis, ete.). 

461, Evergreen leaves are those which remain upon the stem 

without much apparent change during at least one period of 
suspension of vegetation. The leaves of some evergreens per- 
sist through only one year, falling off as soon as those of the 
succeeding year have fully expanded. It is not unusual in warm 
temperate climates to have trees and shrubs which are normally 
deciduous in colder regions retain their leaves until new ones 
are produced. 
Pines and spruces lose some of their oldest leaves every year, 
but new ones are as regularly formed. Their branches are never 
completely defoliated, but may bear at one time the leaves which 
have been formed during several years. 

462. The colors assumed by leayes before they fall can be 
better examined after the subject of the pigment of chlorophyll- 
granules has been treated in Part IL. 

463. The fronds of ferns and the leaves of their allies present 
few peculiarities, and do not need to be here examined. The 


formation in ferns of the sori, or spore-dots, the or 
spore-cases, and the spores themselves falls properly the 
province of Volume III. 


464. The leaves of mosses are characterized by great sim- 
plicity of structure. For their study any of the species of Poly- 
trichum, or Hair-cap Moss, will answer. In these there is no 
true fibro-vascular bundle ; a series of somewhat elongated and 
rather firm cells, known as the conducting thread, takes its place. 
Upon this conducting thread the parenchyma cells are distributed 
more or less regularly, on one side forming slender elevations 
four or five cells in height. The cells contain chlorophyll, and 
generally much starch.* 

465. In the thallophytes there is no clear distinction of leaf 
and axis; the tissue consists throughout of parenchyma more or 
less modified. In some algw there is often a lateral parting of 
the frond into segments resembling leayes; but as they are not 
leaves morphologically, they need no further consideration here. 





2 For full and interesting accounts of the changes which cause the fall of 
the leaf, see Mohs paper in Botan, Zeitung, 1860, p. 1, und also Van Tigghem 
Senne ‘Soe, bot. de France, 1882. 

‘'s Botanische 304, the student will find » 
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very tip of the raceme is to be cut squarely across and placed 
with a drop of water under a cover-glass, when some of the young- 
est flowers can be seen cither standing vertically or slightly in- 
clined. Theaircan bedrawn 
out from the specimen by 
placing the slide for a min- 
ute under the air-pump ; the 
outlines of the floral organs 
will then be distinct. 

469. Aatill better method 
is to make tolerably thick 
vertical sections of separate 
flowers, one of which in 
each flower must be through 
the median line; and then, : as 
arranging the sections! in 
their proper sequence, clear them for examination either by the 
tse of potassic hydrate (as directed in 24), or by the following 
method, recommended by Stras- 
burger as applicable to many cases 
of thick masses of soft tissues : 
Treat the part first with absolute 
alcohol for a day or two, and then 
place it in concentrated carbolic 
acid, after which it becomes clear, 
For the carbolic acid either of the 
following may be substituted,— 
(1) three parts of oil of turpen- 
tine and one part of creosote, or (2) equal parts of alcohol and 
creosote. 

By any one of these methods it is generally possible to obtain 

jions of sufficient clearness to exhibit in optical section 
all the internal tissues. 











1 Pfeffer advises that the young flowers should first be tinged with anilin 
Doe, and then imbedded in a strong solution of gum-arabic (to which a little 
has been added to prevent brittleness of the mass ou drying). Then, 

when tho gum is dry, sections can be easily cut in any direction. 
‘Pro, t25, Lyslmachia quatrifolia. Flower seen from tho side, and somewhat ob- 
Miquety, the being removed. At this peeiod the parts of the coralla kave mot 


‘Pro. 126, Lysimachia quadrifotia, 
ine ofa Lower, in which the orguns mre beginning to form, Tefore the sinuses of the 
Bs well as before Its lobes, colllivision has taken place on all sides; for Instance, 
m,and x. (PYetfer.) 


—_a 


168 MINUTE STEUCTURE OF THE FLOWER. 
470. The fully grown flower of Lysimachia quadrifolia is thus 
Calyx bypogynons, deeply 





126 shows the appearance of a very young Hower of this 
ies species ; on the rounded 








Lysten: quadrifolia. A longitudina) section through # flower some- 

what toass aietared then Saw: 23; (an teeten ory Cos cuss sun Pees Masel 
Fra, 12%, parrot rernwrrebpmearwnagrse ahem tee an elevation which 

le considerably: before the appearance of the petals: sf, stamen; m, cells 

men Naya aan” Amid ectn Laeger igre ae 

Ua tee seqae er eval Gesecoat eal oon parte of the ring oe eee 


lobes are to coalesce have begun to grow: hoes emo! 
g. ovary; ¢, placenta; 1p. 4, amd p. u,the tissue uniting the taf the eg wa coro 
respectively. (Rfetfer.) 
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in a single longitudinal section. Comparison of these figures 
gives a clear idea of the sequence in which the organs make 
their appearance; namely, in acropetal succession, — that is, 
the younger or newer are always nearest the extremity. 

471. According to Payer, the sepals always precede the petals, 
the petals the stamens, and the stamens the pistils, in time of 
appearance. But in a few cases, of which Lysimachia is one, 
it may happen that a given circle of organs is somewhat de- 
layed in forming; for instance, in the figures the stamens are 
seen as considerable protuberances before the petals are clearly 
outlined. This fact has been considered by some to indicate 
that the corolla in such cases consists of an intercalated whorl 


c; 


father that the petals or the corolla-lobes are laid down {n their 
proper sequence, but that they are temporarily outstripped by 
The appearance of the forming flower when seen in vertical 
section is shown in Fig. 130, and a perspective view is given 
in Pig, 125, exhibiting the late-appearing petals and the much 
stamens. 


. Since the several organs of the flower are modified 
leaves symmetrically arranged on an axis, the histological con- 
stituents of a leafy branch will be found in the flower, albeit 
much modified in some of their characters. These constituents 
are, (1) a framework of fibro-vascular tissue, upon which is 
extended (2) parenchyma, covered by (3) epidermis. 








appearing. The elevation on the has been cut through exact! 
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479. Development of the stamens, ‘The following outline may 
serve as an introduction to the study of 
the development of the stamens. At 
first, the stamen exists as a mass of 
homogeneous parenchyma ; later, a del- 
iente fascicle, continuous with one in the 
filament, becomes differentiated in one 
part of the stamen, the connective. Four 
longitodinal ridges appear on the an- 
ther, which coincide with four lines of 
large cells within. These cells give rise 
to the mother-cells of the pollen and to 
the very delicate pollen-sac,' 

480. The mother-cells of the pollen 
have at first thin walls, but later these 





cotyledons, and most if not all dicoty- 

ledons —the nucleus of a mother-cell divides into two nuclei, 
which themselves divide 
at right angles to the 
plane of the first division, 
thus producing four nuclei 
forming a tetrahedron. 
Cell-walls are next formed, 
and four cells are pro- 
duced, which are called 
the tetrad, After the 
mother-cells of the pollen 
















toplasm in each of the 
cells of a tetrad becomes 
covered, as Strasburger 
has shown, with a new 


A palien-massin process of enlargoment, with the anther 

n a ete am 
the endetheciam, The little mane 
thickened wall, 


of a young anther ef |ancanthemnm vulgare ( Warming.) 
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vell-wall, the proper cell-wall of the pollen-grains. This wall 
may be variously marked, sculptured, and cuticularized, giving 
rise to the characteristic forms and features of the grains as 
they are met with in the mature flower. In gymnosperms, the 
development of pollen-grains differs from that described in some 
particulars which are interesting chiefly from their resemblance 
to what occurs in the higher cryptogams. 

481, The stigma is s surface formed of peculiar cells which 
secrete a viscid, saccharine matter, slightly acid in reaction. In 
some cases the walls of the stigmatic cells undergo the mucilagi- 
nous modification (Solanum, ete.). The wide differences which 
exist in the character of the cells of the stigma are illustrated by 
the following examples: (1) cells with no marked papille, as in 
Umbellifere ; (2) papillose, as in Salvia, Convolvulus, Spires ; 
(8) hairy, as in Hypericum, Geraniam; (4) with compound hairs, 
asin Reseda. In some of the above the cells are rather loosely 
aggregated, while in others they are much more compactly com- 
bined. Below the stigma the style often has collecting hairs, as 
in Composite, Campanulace, etc. (see Volame I. page 222). 

482. The style is a prolongation of the ovary, and shares with 
it its fascicular system. In the interior there is a slender thread 
of loose tissue made up of thin-walled cells containing consider- 
able food-material, starch or oil, ete. The cell-walls often pass 
into the macilaginous condition. The style is sometimes tubular, . 
and lined with the tissue just described. 

483. The simple ovary is a modified leaf-blade provided with 
epidermis, parenchyma, and a fascicular system. The epidermis 
of the outside of the ovary, and that which lines its cavity, may 
have all the characters of ordinary epidermis ; stomata and hairs 
may be present, the latter often being mere papille, which upon 
the ripening of the ovary into the fruit become long hairs. 

484, In the interior of the ovary there is frequently a pecul- 
jar modification, either of the epidermis itself or of the sub- 
jacent parenchyma as well. In such cases very loose tissue, 
sometimes appearing a3 if composed of felted hairs, lines the 
cavity of the ovary (or is found at some one portion of it). The 
walls of this tissue may undergo the mucilaginous modification 
either in whole or in part. Its cells contain a considerable 
amount of food-materials (oil and starch), This loose tissue, 
together with that of the same character found in the style, is 
known as conductive tissue, and serves as a path of least resist- 
ance for the penetrating pollen-tabe (see Part IT.). 

485. The distribation of the fibro-vascular bundles in ovaries: 
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1s of much interest, and can best be examined under the two 
heads of ‘ Simple Pistils” and ‘* Compound Pistils.” 

486. Simple Pistils. The fibro-vascular bundle consists of 
wood and liber ranning through the median line of the carpellary 
leaf, —that is, through the dorsal suture. Two branches are 
given off by this bundle not far from the base of the leaf, near 
its two united margins, — that is, at the ventral suture. 

487. The folded carpellary leaf has incurved margins ; so that 
whatever the arrangement of the wood and liber may be in the 
median line of the leaf, the reverse will be found at the margins. 
‘Thus in each of the three carpels shown in Fig. 133 a, the fibro- 





vascular bundle ranning through the dorsal suture has liber on its 
ontside (the unshaded portion) and wood on its inside (the dark 
portion). But in each of its branches at or near the ventral 
suture liber occurs on the inside (that is, nearest the centre of 
the flower) and wood on the outside. 

488. Compound Pistils. If several carpels unite to form a 
compound ovary, the same inversion of the order of the parts of 
the bundles (a3 shown in Fig. 138 a) will be seen when the 
bundles at the centre of such an ovary are compared with those 
at its periphery (see diagrams 4 tof, Fig. 133). 

F¥G. 133. Transverse section of superior ovartes, showing tho arrangement of the 


banles of carpels: , Eranthis hyemnlis; 4, Hyacinthus orientalis; 
ya/lanpuciens tcleornia 4, Auagaliie arvensis; 7; Liehuda aichen: 


FP 
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489. But if the ovaries, instead of being superior, as those in 
Fig. 133, are inferior, as those in Fig. 134, further complications 


Fig. 134 @ are arranged in radial lines from the centre outwards ; 
the six bundles nearest the centre of the ovary are those of the 
ventral sutures, and have wood outside and liber inside; in the 
next circle the three with reverse arrangement of elements are 
those of the dorsal sutures from which the bundles fust spoken 
of branched. In Fig. 134 4, all the fibro-vascular bundles save 
those of the carpels 
are united to form = 
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the large bundles seen on the periphery of the 
184¢. The arrangement of the bundles in this figure 
compared with that in Fig. 138. 

490. The stracture of the peduncle and the pedicels is sul 
stantially the same as that of the stem, and the structure 
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P10. 1M Transverse section of the infertor ovary, showing the arrangement of dbro- 
vascular bundles both in the carpele and the oxternal parte of the flower: «, Aletra- 
‘wWerla versicolor, the fascicles of the whorls independent; 5, Galanthus nivalis, the 
‘fascicles no longer so tistinctly radial; c, Campanula Modium, the fascicles of the 
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the bracts is much like that of the leaf; therefore these need not 
be specially considered here. 

491, Ovules are normally formed at definite points or lines 
upon the ovarian wall, which answer to the edges of the carpel- 
lary leayes. The funicalus arises as a slight elevation produced 
by the multiplication of a cell or 4 group of cells under the 
epidermis; in the centre of this elevation, and also under the 
epidermis, further development produces a spheroidal or cone- 
like mass, —the nucleus. Then, a little later, cells at the base 
of the nucleus begin to produce a cylinder (the inner integu- 
ment), and shortly after, a sevond one is forined below and 
ontside this (the outer integument). Subsequent development 
carries the outer integument quite up and around the inner one, 
and the nucleus; leaving a small opening (the foramen). For 
peculiarities in the morphology of the ovule, and for cases in 
which one or both integuments may be wanting, see Volume I, 
page 278. 

492. The funiculus has a collateral fibro-vascular bundle, 
having its median plane coincident with that of the ovule. The 





bundle is surrounded by parenchyma and epidermis. It is fre- 
quently prolonged ee itaatoenias being Basis or less 


Development of the orule of Asistolochla Clematitis, 4, young avule in 
-B, rama, more alvanced; ti, internal integoment forming; C,« beter 
4, internal tntegament; fr, external integument forming; D'and £, 


later stages of muclens, to be described tu Part IL. (Warming.) 
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THE FRUIT. 


493. The frait is the ripened pistil. But, as shown in Vol- 
ume I, “it is a loose and multifarious term, applicable alike to 
a matured ovary, to a cluster of such ovaries, at least when 
somewhat coherent, to a ripened ovary with calyx and other 
floral parts adnate to it, and even to a ripened inflorescence when 


simple kinds: (1) a great development of sclerotic elements, seen 
in the harder dry-fruits and in the putamen of all stone-fruits; 
(2) 0 large increase in the amount of soft-walled parenchyma, 
containing sap, as in the pulp of all fleshy fruits ; (3) a consid- 
erable development of color, especially in the superficial parts, 

495. Sections to exhibit the structure of the very hard parts 
of fruits are made most easily by carefully grinding the parts 
on a fine ojl-stone. First, a fragment of the hard shell of a nut 
Se anand De Ler aehad pee 
cutting instrument, and a flat surface parallel to the plane of 
the section desired made by a clean tile. On a glass slide a 
drop of Canada balsam is placed, and bested until the more 
yolatile portion is expelled (see 111). Then the flat side of the 
object just prepared is held upon this balsam until the latter 
becomes cool and hard; and when thus securely fastened, the 
specimen is rubbed down on an oil-stone to any required de- 
gree of thinness. It is removable from the slide by oil of 
turpentine, and can afterwards be mounted in a fresh portion of 
balsam or of benzol-balsam (see 112). 

496. The contents of the parenchyma cells of fruits depend 
very largely on the degree of maturity of the fruit. Changes in 
the contents go on from the formation of the fruit until it is fully 
ripe. In some of the more common cases these consist largely 
in the production of various sugars, especially that which is 
known as fruit-sugar; and organic acids, for instance, citric, 
tartaric, and malic acids. A consideration of these changes 
belongs to Part IT. 

497. The coloring-matters in fruits, like those in flowers, are 
either color-corpuscles (chromoplastids), or substances dissolved 
in the cell-sap. In a few cases the walls of the cells them- 
selves have more or less color. 


COLORING-MATTERS OF FRUITS. ij 


498. The berries of a common house-plant, Solanum Pseudo- 
capsicum, furnish excellent material for the examination of the 
of fruits. The following account, condensed 
Kraus,’ will show the essential characters of the color- 
granules in this case, and it should be compared with what has 
been already said about the structure of chlorophyll granules 
and leucoplastids (168 ¢¢ #eg.), as well as with the account of 
the chromoplastids in the parts of flowers (477). 
A section through the ripe pericarp shows that it consists of 
twenty to thirty or more layers of cells, in most of which color- 
granules occur. In the outermost cells the granules closely 
both in form and structure ordinary granules of chloro- 
In of the granules the coloring-matter is evenly 
the whole mass, while in others it is confined 
the rest of the granule remaining without color 
these cases the colored and the uncolored parts 
sharply divided from each other. 
granules less like chlorophyll-granules occur, in 
is a sharp demarcation between the colored and 
uncolored parts; such have been shown to be vacuolar, the 
vacuoles assuming widely different shapes. These are abundant 
fn the cells which lie five to eight layers, or rather more, from 
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the larger pericarp-cells roundish col- 
are met with, which close examination shows are 


vacuoles in the protoplasm of the cell filled with 
; sometimes these have been mistaken for the 
themselves, but they can usually be distinguished from 

* difficulty, on account of the distortion which they 
undergo upon slight pressure. 
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ened with water (or better still in a fresh state), they are dis- 
tinctly blue. 4. The protein layer, the cells of which contain 
granular albuminoid matters. 

The layers just described are different in different seeds, and 
sometimes different in 
different parts of the 
same seed-coat, so that 
the division has really 
little utility. 

505. The external in- 
tegument or testa may 
have well-developed hairs, 
as has been shown in Vol- 
ume I. p. 306. Only one 
of these cases of bairs 
can be here described ; 
namely, those which form 
the felted covering of cot- 
ton-seeds, and which are 
the “cotton” of commerce. These are slender cells with col- 
lapsed walls. As they ap- 
proach maturity, the cells 
become more or less twisted ; 
the resulting spiral is that 
which imparts to cotton its 
value as a material for spin- 
ning. Some other seeds, 
notably those of species of 
Asclepias, have long and 
strong hairs, but none of 
these have any spiral twist 
which fits them for textile 
purposes. 

Regarding the size of cot- 
ton **fibres” (hairs of the 
seed), the following meas- 
urements by Ordway are of interest: Maximum length in the 
“ sea-island” variety, about two inches (five centimeters); in 











‘Fro, 138. Cross-sections of eotton-fibres, 4 4, anmatare fibres; A F, half-matare 
fibres; © C, fally mature fibres; D, section of Abre, showing laminated cell-walle, 


) 
‘Fro. 131. A, Glassy, stroctureless Sbre; A, thin, pellucid, tmmatare fibro; C, half 
matare fibre, with thin cell-wall; D and £, fully mature fibre, with full twist and well- 
defined cell-wail, (Bowmaa,) 
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508, The so-called ‘‘grains” of the cereals are fruits instead of 
seeds ; the accompanying figures exhibit, therefore, not only the 


Pon ea 





structure of the integuments of the seeds, but also of the ripened 
ovarian wall. 

509. As shown in the *‘ Structural Botany,” page 309, the 

nucleus of the seed consists of the embryo and its supply of 

abe a food. If the store of food is wholly 

_ within the tissues of the embryo, the 


eb ie 





seed is said to be exalbuminous ; if partly outside of the embryo, 
as, for instance, in the cereals here figured, it is said to be 
albuminous. The albumen is the supply of food in the nucleus 
of the seed which is not stored in the embryo itself. 


F2G, 135, Cross-section from tho periphery of the fruit of Zea Mats, highty magni- 
Bel: 4, froit-capsale; 4, sewl-coat; c, wiherent cellular layer; d, starch containing 
alvumen of seed, (erg and Schmitt ) 

19. from the periphory of the friit of Avons sativa, highly 
frultcapenle with the sesd-roat: ¢. wiherent cellular layer; 
‘albuminold parenchyma. (Berg ane Schmit.) 
ee ee sativa, highly mage 
b, frntt-capanle with sced-cont ; ¢, atherent cellular Layer; «f, starch 
parenchyma. (Berg and Schmidt.) 

the periphery of the fruit of Horteam vulgare, highly 
peule with the reod-cvst; ¢, miberont cellular layer; 
albuminold parenehynos (Berg and Sehmbtt.) 
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L. Soluble in water; ¢. g., Pwonia officinalis, 
IL. Completely, and more or less readily, soluble in ten per 
cent NaCl (sodic chloride) solution. 
a. Grains without 
(a.) Soluble in saturated NaCl solution after treatment 
with alcohol or ether; ¢. g., Pisum sativum, 
(8.) Soluble in saturated NaCl solution after treatment 
with alcohol, but not after ether; ¢. g., Helianthus 


annuus, 
6. Grains with erystalloids. 

(a.) Crystalloids soluble in saturated NaCl solution after 
treatment with alcohol or ether; ¢. g., Bertholletia 
excelsa. 

(8.) Crystalloids soluble in saturated NaCl solution after 
alcohol but not after ether ; ¢. g-» Ricinus communis. 





a. Grains without crystalloids. 
(a) Soluble in sstarated NaCl solution after treatment with alcohol or 
other : Lupinus hirsntua (type), Vicia Fabs, Pisum est hn Praee 
olus multifiorus, Allinm Cepa, Iris pumila (var. atroccsrulea), Colchi. 





ether ie paced arcana Leslink Shee ele ela 
flora, Sabal Adansoni, Delphiniam eardiopetalum, Trollius Europwus, 


Actea spicata, Caltha palustris, Aquilogia vulgaris, Dianthus Caryo- 
phyllites, raps, Lepidium sstivum, Medicago sativa, Larix 
i. Gralas with = 


(a) Crystalloids soluble in saturated NaCl solution after treatment 
with alcohol or ether: Bertholletia exeelsx (type), Adonis antumna- 
Athusa Cynapium, Digitalis parpures, Cucurbita Pepo. 

Cepallotds sobuble tn catarsted NaCl solution after alcohol, but 

after p Bletams communis (type), Datara Stramoniam, 

officinalis, Taxus bac- 

Pines, Cannabis sativa, Linum vsitatisimum, Viola 

graveolens, Juglans regia. 

ten por cent NaCl solution, 

one 
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III. Partially soluble in ten per cent sodic chloride solution. 
a. Entirely soluble in one per cent sodic carbonate solu- 
tion; ¢. g., Clarkia pulchella. 
&. Entirely soluble in dilute potassic hydrate. 
(a.) Grains without crystalloids; ¢. g., Lythrum Salicaria. 
(8.) Grains with crystalloids; ¢. g., Juniperus communis. 


513. The appendages of the seed known as the strophiole (at 
the base of the seed), the caruncle (at the micropyle or orifice), 
and the membranaceous and pulpy forms of arillus (see Vol- 
ume I. pages 808, 309) do not call for further remark. 

‘The separation of the fruit at maturity, and the separation of 
the ripened seed as well, are due to changes analogous to those 
described in 458, under the ‘+ Fall of the Leaf.” Some of the 
special forms of mechanisms by which the detachment occurs 
may be examined in Part II., under ‘‘ Dissemination.” 


CHAPTER V. 


PHYSIOLOGICAL CLASSIFICATION OF TISSUES, 
DIVISION OF LABOR IN THE PLANT. 


$14, Tue simplest plant, « green cell living in water, pos- 
sesses all the appliances needful for the work of vegetation ; 
namely, a protoplasmic body containing chlorophyll, and a cell- 
wall it. It finds in the water in which it floats, and in 
the sunlight to which it is exposed, everything requisite for its 
fall activity. 

515. Its work is twofold: First, that which it does not share 
with the animal, and which may therefore be called the proper 
office of the plant, —the production of organic matter out of 
inorganic materials, under the agency of light. This work is 
dependent upon the presence of chlorophyll in the cell, and is 
known as Assimilation. Second, that which the animal like- 
wise can perform, —the conversion into various forms of ac- 
tivity of the energy stored up in food. This takes place in the 

whether chlorophyll be present or absent. 

516. In aspherical cell isolated from others and leading an 
existence, floating free in the water, and therefore 
no one part exclusively to the light, there is very 

slight if indeed any division of labor. One part of its cellulose, 
protoplasm, or chlorophyll has the same work to perform and is 
substantially under the same conditions as any other part. But 
if the cell becomes one of many aggregated to form a mass of 
tissue, its relations to its surroundings are not the same as be- 
fore, for its exterior is no longer equally exposed either to water 
orto light. The cells in the interior of such a mass must derive 
‘their supply of material from without through the agency of the 
cells; hence division of labor begins. Inspection 

of the mass shows that some of its cells have the office of ab- 
others that of assimilation, others that of treasuring 

up the products of manufacture, étc. With this incipient divi- 
sion of labor there are also notable changes in the form of cells, 
by which a more complete adaptation to a particular kind of 
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work is secured. These adaptations are as marked in the inter- 
nal anatomy as in the external configuration. 

517. The parts of a living being which have definite kinds of 
work to do are known as organs! (cf. fryor, work). Since they 


1 The organs of the higher plants are reducible to three members ; that is, 
See AE Se a ous ee 
ct, ‘These members are the root, stem, and leaf, — to 
bergen the plant-hair. In Sachs's Vorlesungen, the number of 
members is given es two; namely, root and shoot. 
In their very youngest state all the modified leaves upon a given plant are 


the three plant-menibers al enumerated, the following criteria ato em- 
ployed : (1) its position with respect to other 3 (2) its nascent condi- 
tion ; (3) its presence or abeonce im organisms allied to the one in 


which it occurs, its rank in these not being obscure, 
So far as the organs seen by the naked eye are concerned, it is seldom that 


i 


given 5 (2) their 
nascent condition is the simple cell, common hal ere (8) it is not 


li 


in 
or is wholly absent from them. 

It is so difficult to apply these criteria to the study of tissues, 
results obtained are so contradictory, that there fa mo. esengdta|iag 
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A classification of tissues spon the basis of physiology alone 
serious objections ; one kind of work in the plant can be 


if 
Vy 


j 

ui 

Hs 

: 

E 

i 

& 
Ht 
fi 


DIVISION OF LABOR IN THE PLANT. 187 


are parts of a whole, —the organism, — they must have definite 
relations to each other us regards position and office. 


the relations of origin and position of the component parts of 
their structure have occupied the earlier portion of the present 
volume. From a review of the facts there presented, it appears 
that any given part may subserve different ends; for instance, « 
Teaf may carry on its proper work, namely, that of assimilation, 
“2s od orallees tight temame le vetteedieeede 
Nepenthes, as a stomach for digestion. On the other hand, it 
is equally clear that the same kind of work may frequently be 
performed by different parts. For instance, the proper work of 
the leaf can be carried on by any green tissue; not merely in 
proper leaves, but in the cortex of young stems, and even in the 
‘outer tissues of young roots of certain aerial plants. It is there- 
fore sometimes advantageous in Vegetable Physiology to distin- 
guish between systems of tissues having different offices, rather 
‘than between organs which are often masses of heterogeneous 
lissues. 


101) Among: the systoms of classifications of tissues chielly 
upon a physiological basis is that of Haberlandt, which is as 





follows : — 
A. The Protective System. 
1. Of the surface (Epidermis, and bark). 
2, Of the skeleton Chaet-Bbeee, Wbriform cells, collenchyma, 
and sclerotic parenchyma). 


ei The Nutritive System. 
1. Absorbing system (Epithelium of roots and the root- 
hairs ; absorbing tissue of haustoria, ete.)- 
2. Assimilating system (Chlorophyll parenchyma, both pali- 
sade and spongy). 
8. Conducting system (Conducting parenchyma, vascular 
bundles, latex cells and tubes), 
4. Storing system (Reserve-tissues of seeds, bulbs, and 
tubers; water-tissue, etc.). 
5 em rating system (Aeriferous intercellular spaces, together 
r with their external openings, stomata and lenticels). 
6R for secretions and excretions (Glands, oil, 
Sed tase cones, crystal-sacs, ete.). 
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with a length of 300 feet are not cncommon, and some figures 
moch higher than this are noted. 

524. In both the above cases the extraordinary size has been 
attained with very little expenditure of material for mere me- 
chanical support. The same is true, although in a less striking 
because a more familiar manner, in our ordinary twining and 
climbing plants; other plants or outside supports of some kind 
being necessary to bring their stems and leaves into the best 
relations to their surroundings. But what tissues serve to keep 
erect or in position the larger plants which are not water-plants 

What tissues serve mainly mechanical ends? 

525. The subject was extensively investigated, so far as 
monocotyledonous plants are concerned, by Schwendener,” in 
1874, since which time some important additions haye been 
made. According to Schwendener, the mechanical elements 
in the plant are pines (2) libriform cells and fibres, 
@) yma cells. That these are the chief elements of 
strength, especially in monocotyledonous plants, appears from 
his instructive experiments, which have been repeated by others. 
Strips, 150 to 400 mm. in length and about 2 to 5 mm. wide, were 
carefully taken from stems or leaves and immediately fastened 
in a vise at one end, the other end being firmly grasped by strong 
pincers to which weights could be attached at will. Bebind a 
strip, vertically suspended from the visc, a measuring-bar was 
placed, so that any elongation of the strip under tension could be 
accurately measured. Afver the apparatus was properly adjusted, 
‘a small weight was attached to the pincers, the elongation of 
the strip observed, and the weight then removed in order to see 
whether the strip recovered its original length. Up to a certain 


ay 


526. Strips from the middle part of the leaf of Phormium 
tenax, $90 mm. long and 1.5 to 2 mm. wide, were placed in the 
apparatus and subjected to the action of a weight of 10 kilograms. 
‘They became 6 mm. longer, but on removal of the weight were 
found to recover their original length; in other words, they re- 
peed pertesly, elastic under this weight. A weight of 15 

| broke the strips into two parts. These strips con- 
‘tained oaly fire tbro-vascular bondlee, with an amount of bast 
‘which was believed to be about half a square millimeter in cross- 





* Das mochanische Princip im anatomischen Bau der Monocotylen (Leipzig, 
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628. The strength of other tissues besides bast has been meas- 
ured ; thus Ambronn assigns to collenchyma a breaking-weight of 
12 kilograms per square millimeter, and these cells become per- 
manently elongated under a weight of from 1.5 to 2 kilograms. 
| Haberlandt found that the breaking-weight of the internal 
“thread” of the common graybeard lichen, Usnea barbata, is 
1.7 kilograms per square millimeter, but that this thread could be 
stretched to double its length before breaking. The breaking- 
weight of cotton fibre is calculated to be between 18 and 20 
kilograms per Square millimeter, and that of the seed-hair of 
Asclepias Syriaca not far from 40 kilograms. 

529. Examination of any of the figures of fibro-vascular 
bundles given in Part I. shows how well their elements are dis- 
tributed in order to secure the greatest strength with economy of 
material. To the elements which impart strength to a bundle 
Schwendener has given the name stereom ; to the other parts of 
the bundle, mestom ; thus the fibres are stereom clements, the 
dacts are mestom elements. 

580. The striking sdaptations' of the fibro-vascalar bundles 
to serve as light and very strong building materials in the plant 


1 The following table from Schwendener, with « fow illustrative examples, 
ts given to serve ns a guide to the student in tracing ont a few of these adapta- 


i 





Duramoriox or MecnaxioaL Evxuexts mx Moxocorvienoys. 


Lib 
1 Uraen se wlptioreal nerves of bast. Simple fascicles of bast lie 
under the epidermis, 
Firet Arum, 
type. Petioles of Colocasia and Alocasia. 
2 System of compound Subepir fascicles of bast 


peripheral girders. Subepidermal 
- tnite with those which lie more deeply to form girders in which 
suet gph Dems ot iets ol saa acene rl Pog 
8 ' 
Fourth pe Btems (above grou) of Cyperus elterafelna 
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631. The distribution of material in the skeleton of a ligneous 
plant is somewhat different from that in a mono- 

cotyledon.’ More of the mechanical work falls on the proper 
wood, but even here in some cases the bast serves an important 


purpose. 

582." The data for calculating the strength of the woody stem 
and branches of « dicotyledonous plant are to be found in vari- 
ous works on mechanical engineering ; but it is to be borne in 
mind that the figures given for timber are usually based on ex- 
periments with dry heart-wood, 

583. The trunk is to be regarded as a column bearing the 
weight of the whole crown of branches, each of these being a 
tapering beam supported at one extremity. The crushing-weight 
the crown exerts upon this column is far within the limits of 
safety, even when the liability of the trank to be much bent and 
twisted by high winds is taken into account. The branches at 
their point of union with the trunk form different angles in 
different plants,* and this angle must be taken into consideration 





+ Digrutmurios oy Meonastcan Eremests ry DicorrLepoxs. 
A, With bast in the bark. 

First group, Axial orgaus when young have an unbroken ring of bast ; 
im mueh older stems this is interrupted or cast off. Aristolochia. 
Second group. Axial organs with a layor of bast-bundles which is 

thrown off later. The bt bundle fr the it manly, 
which is soon replaced by the ring of wood. Nerium Oleander, 
Third group. With ting of bast-bundles in first year, later with 
isolated bast-fibres. Hippocastanum. 
Fourth groop. With strong bast, even when far ailvanced. Tilia. 
Fifth group. With subepidermal bast-nerves. Ruasolia, 

2. With transition to an intra-cambium ring of Kbriform calls. 
‘Sixth group. The cambium of the bundles lies partly outside, partly 

therein. Guillardia. 


J Impatiens Nolitangere. 
‘Ninth group. With or stnaller amounts of bast on the outer side 







medullary rays. 
Eataplialia a lerpt acer thiptanta oe ot 
| HP; horse-chestnat, 0°—59°; alder, SOP; elm, 0°; oak, 
, 50", small branches, 65°= 70° ; beech, 45°; inden, 40°. He calls 
fact that fn these and many other cases tho angle at which the 




















at all well defined it is easily recognized as the nucleus (see 
Fig. 2). 
546. Clreulation of protoplasm in cells. Under a power of 


established, its different changes can be watched for a long time 
without other distarbance of the specimen than that resulting 
from the addition of water to replace that lost by evaporation. 
Two features of the motion require special notice: (1) the 
granules do not pass from one cell to the contiguous one, bat 
remain confined in one; (2) the threads in which the granules 
move | change their shape and direction, growing wider 





‘The movement of the granules from 
called i 


cause « slight contraction of the protoplasm; its whole mass 
then appears as a shrunken sac, in the interior of which the 
cireulation can be detected. 

$48. In a good specimen of the stamen-hair of Tradescantia 
the protoplasmic currents are seen to course in slender threads 


that 
RIG fa taces on, Teet, accotwolatiom .of peotoplecsio 
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be attached; these pieces run to. a small reservoir of water which 
can be heated at pleasure by means of a spirit-lamp, as shown 
in the figure. Suppose a slide to have upon it a good specimen 
of a stauu-hair of ‘Lradescuntia, furnished with sufficient water 
and properly covered, It is placed in the apertare 7 of the 
hollow box, and the rest of the apparatus 

is then arranged as shown in the cut, The 

rate of circulation of the protoplasm is now 
carefully observed, and the temperature 
shown by the thermometer ¢ is also noted. 
With increments of heat from the upward 
current of water through the tube and 






through the box the rate of the protoplasmic circulation is in- 
creased. The amount of heat applied can be easily regulated 
by the height of the reservoir. If it is desirable to observe the 
effects of cold, the reservoir can be placed in a vessel of ive and 
raised above the stage of the microscope, so that a current of 
cold water can flow down throngh the box. 

558. Experiments upon the offect of heat can also be con- 
veniently conducted by means of a less expensive apparatus 
which consists of a double-walled box of zine placed on firm 
supports at the height of a few jnches above the table, and large 
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movement as distinctly in hairs which had been developed in 
darkness, and bad remained without light for thirty hours, as in 
any which had grown in the open daylight. Accorling to Du- 
trochets it requires a withdrawal of the light for about twenty 
days to cause an entire cessation of the movement in Chara. 
reas caress taiinee light, and the influence exerted by 


572. Rolations of protoplasm to electricity. Chemical changes 
within the plant result in the production of electrical currents in 
protoplasm ; at this point it is proper to examine briefly the 
See rmsd 209s Fesieplenm by continued and induced 


Set eteten or n,sayscenosts, ie plooet, betwen 
platinum electrodes on a glass slide under the microscope, and 
A current sent through the mass from one small Grove element, 
very little if any effect is observable; but if the current from a 
few elements is employed, there is at once more or less rounding 
of the branched mass, and there may also be a reversal of the 
course of the circulation. When more elements are used, the 

be killed. If the protoplasm in cells be experi- 

mented upon, nearly similar phenomena are noticed. Protoplasm 
is not a good conductor of electricity, Jiingensen made some 
on the action of « current from small Grove ele- 

ments upon the leaf-cells of Vallisneria spiralis. A continued 
current from one element did not cause any appreciable change 
in the protoplasmic movement; but when two, three, or four 
were employed, the current retarded the movement, and after 
a while completely arrested it. In those cases where the move- 
ment had been simply checked, it was re-established in full in- 
tensity shortly afer cutting off the current of electricity ; but in 
those where it had been entirely stopped, it did not begin again. 

573. The effect of an interrupted current of electricity is 
essentially the same as that produced by mechanical shock. 
The protoplasm generally contracts at certain points forming 
ee Uhm oe sender taede, an 

are arrested, 
States that a constant current is practically 
ce upon the circulatory movement in the cells 
that the interruption of the current produces 
ne effect as a sudden mechanical shock or a sharp 
mperature. He observed essentially the same phe- 
hairs of the nettle, although in these there was 
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mycetes to become rounded into the form of somewhat flattened 
drops, from which slender branches protrade after a short time. 
If pressure is now made upon those portions of the branched 
circulation is to be seen, the movement 
not resumed for two or three minutes; 


i 
A 
HE 


577. Melations of proteplast to gravitation: eat 
influence of gravitation on the form assumed by protoplasm, it 
need only be said here that the leas dense plasmodia appear some- 
times to yield to this force. But Pfetfer* found that in a saturated 
atmosphere the plasmodium of A2thalium moved in the dark with 
equal freedom whether the moist bibulous paper on which it rested 
was held horizontally or vertically ; Strasburger® also has noted 
the same fact. If one part of the paper is more moist than an- 
other, it is to the very wet spot that the plasmodium wanders. 

578. Relations of protoplasm to moisture. The relations of 
water to the activity of protoplasm are not yet thoroughly under- 
stood. It has been seen (577) that there is a tendency of plas- 
modia to move to the points where there is the most moisture ; 
seh tae leche ane ter Abana 
fayorable to all protoplasmic movements. ‘Thus Dehnecke * 
found that the protoplasm in the cells of the collenchyma of 
Balsamina exhibited no circulation until the section had been 
placed in water; and the same phenomena can be shown in 
sections of many active plants. 

On the other hand, Velten has shown that in some cases the 

Movement stops when a plant-hair is placed or kept 
for a time in water, but is resumed if it is transferred to a dilute 
solution of gum-arabic, although the protoplasm was furnished 
with a greater supply of water in the former than in the latter 
case. 


579. Some harmless plasmolytic agents (see p. 27), for in- 
stance a dilute solution of sugar, added to the water in which the 


3 Rieter: Phaneaphyscigs, i 90 

: ter Ectvdimepetsn, 1978'p TH. Debaeake (Usher 
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Sedat wieteeta Cuiasphrtures tant) os chore: tier oe the various 
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cells in which the movements were plainly seen, in olive-oil, in 
order to exclude the air. A short time after this was done the 


movement, the question must now be asked, What is the struo- 
ture of a substance which exhibits these phenomena? 

By the highest power of the microscope it appears as a homo- 

gencons hyaline mass holding in its substance, but apparently 

pats bodies, very minute granules. But when the proto- 

phismic matter is stained by the skilful use of pigments, its 

character disappears. 
as Schmitz has confirmed and extended the observations 


ils the meshes of which is a homogeneous liquid. 
pt 4s unobstructed communication between the different 
meshes, so that the whole of the liquid may be regarded as 


practically one mass. The network of fibrils does not possess 
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the following attractions: (1) that of cohesion, by which each 
individual micella is an aggregate of molecules; (2) that which 
tends to bring adjacent micelle together; (3) that of adhe- 
sion, by which the surfaces of the micelle retain their films of 


kinds to combine chemically, each preserving its integrity in the compound. ... 
Any antecedent improbability on theoretical is far more than out- 
weighed by the evidence of a large number of compounds whose constitution 
emo aay oie on the hypothesis of solecular combination, For 
example, | crystalline salts it is impossible to doubt that the water 
exists as such, not as a part of the salt molecule, bat combined with it as a 
whole. So also there are a number of double salts whose constitution is most 





ee oy 
word micella ix applied by Nigeli to those of molecules 
which (like can increase or diminish in size without changing their 
ebemical nature. ‘micella is assumed to be much larger than the pleon, 
“The internal stracture of the micella is crystalline, while the exterior may 
the nye Tabs pasa and Ea y Teale 
a examy to 

bk phat emnon siparaal mt el et ge al lrg ag ome 
micella, and the micellar aggregate. Pfeffer applics a general term, Tagma, to 
all of molecules, thus bringing one head the pleon, micella, 
se in art; sn he ph une Sg a li 
‘up of tagmata. subject will bo again referred to under ** Osmosis.” 
To make clearer the conception of a micella, it may be well to examina 
Os Lt aga eonpaeendd pale eraen 

avolid body, for instance a crystal of sodio chloride (common salt), 
is mechanically separated into the sinallest possible fmgments, each particle 
‘still possesses all the of salt. Beyond this mechanical limit of sopa- 
ration the process of subdivision may be carried still further by solution 
the minutest fragments of the salt can be broken up and diffused tl the 


1 7 original 
eansceveling'y emplletnt In other words, the physical 
assed and cpirilist Vena reached | Beadhy, aioe 
toon defined as ‘‘the stmallet amount of « given substance 
a exist in combinstion,” or “the smallest mass of an element that 
nyo ” The atom is the chemical unit. 
molecules 
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the next, by means of delicate threads which pass 
pores in the intervening cell-wall. Doubtful instances afforded 
the cribrose-cells have been already alluded to (see 279). 
endosperm cells of seeds of Strychnos Nux-vomica afford 
2 well-marked example of the cases of communication between 
cells of seeds. Tangl’ advises that very thin sections parallel 
to the flat surface of the seed be shaken with dilute tincture 
of iodine or with a solution of iodine in iodide of potassium for 
about five minutes, and then thoroughly washed with pure water. 
‘The protoplasmic and other contents of the uninjured cells will 
then a8 a contracted ball having somewhat the shape of 
the From the mass in one cell minute threads ran 
pores or canals in the wall to the masses in the adjoining cells, 
and there is no break in their continuity. In the endosperm of 
the allied species, Strychnos potatorum, Tangl did not detect 
canals of the character found in 8. Nux-vomica. 

Gardiner* has demonstrated the existence of communication 
between the protoplasmic masses in contiguous cells of the pul- 
yini of the leaves of some plants having the power of motion, 
When sections of these leaves are placed in a solution of # salt 
which causes contraction of the protoplasm, the shrunken mass 
is seen to be connected with the cell-wall by extremely delicate 
threads of protoplasm. The threads can be traced to pits in the 
wall, and there it can be seen that they are exactly opposite the 
threads on the other side of the wall. If the solution of the salt 
used is too strong, some of the threads may be raptured, and 
then one free end of each thread will retract to the main mass 
while its other part goes to the cell-wall. If fresh sections are 
treated with strong picric acid, and then, after washing in aleo- 
hol, are stained with anilin blue, the continuity of the proto- 
plasm in uninjured cells becomes apparent. Mimosa affords 
Hillhouse* reports similar continuity of protoplasm in the cortex 





si Tahrbiicher, 1880, p. 170. 
: 0 ‘Transactions Royal Society, 1883, clxxiv. 817. 
es Centralblatt, 1883, xiv. 89, 121. 
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the protrusions at the bordered pits there extend extremely deli- 
eate threads of protoplasm which have a granular character. 
‘The threads are somewhat curved (especially the outer ones), 
and are slightly swollen in the middle. In peculiarly good 
preparations it has been shown that there is an apparent inter- 
of their course, but that at this break 


they form throughout the plant an anbroken whole.* 

592. That protoplasm may perhaps ovcurin intercellular spaces 
appears from the observations of Russow® and of Berthold.* To 
demonstrate this, one-year-old twigs of Ligastrum vulgare are 
hardened for a few days in absolute alcohol, longitudinal sections 


perforated. 

Itis probable that a striking phenomenon of fertilization in 

namely, the complete emptying of the pollen-tube 
of its protoplasm (see ‘+ Fertilization”) without apparent break 
in the continuity of the wall, must be referred to the same pene- 
hiring eam 
‘The withdrawal of the principal part of the 

matters from deciduous leaves before the fall of the leaf may be 
perhaps explained in the same way, 

‘Strasbarger cites as an “pari pligeiareniar ap sed 
the well-known case of the removal of protoplasmic matters 


SPeciatetele Eee 144 0. Strsburger : Bau und Wachs- 
Frommann : Beobachtungen tiber Strnctar 
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but if the second solution contains some of the salt, like that in 
the first solution, the rate of diffusion is retarded. 

605. The rate with which a salt passes from a stronger into 
a more (lilute solution is nearly proportional to the degree of 





Hydrochloric acid . os . 1 
Soliochlorile. . 5... 2. Parra | | 
on et hn eee r: 
AUER Iii, ps 514 aha 
Caramel 2 we ee . + 8 


606. Of the colloids, Graham says:' ‘* Low diffusibility is 
not the only property which the bodies last enumerated possess 
in common. . . . Although often largely soluble in water, they 


‘external impressions, the softness of the gelatinous colloid partakes of fluidity, 


the 
itself. ‘The same penetrability appears to take the form of cementation in such 
colloids as can exist at a high temperature, Hence a wide sensibility on the 


A-collobl may be compared in this respect to water while existing liquid at « 
temperature under its usual freezing point, or to a supersaturated saline solu- 
thos. Plait colloids appear to have always a pectous modification (xq<réx, 
‘eirdiet), ax fibrin, casein, albamin. Bat certain liquid colloid substances are 
eapable of forming a jelly, and yet still remain liquefiable by heat and soluble 
in water, ag sere nines Bat pessoas tn the coustinion of aki: 














4 ‘The following account of details essential to success in these experiments 
of Prof, Pfeifer has been propared by one of his students, Dr. W. P, Wilson. 

‘The principal portion of the apparatus is a porous porcelain cell, z, 45 mm. 
high and 16 mm. in diameter, with walls 14 mm, in thickness. This cell is 
cemented on toa piece of gluse tubing, ». A second piece of tubing, /, with 
lateral tubo, is cemented into tho first piece. The lateral opening is for the 
Seen ee oe eee Alking Ge eeling. 
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As the successful working of the apparatus 
(oa agenda’ out of quite a number of minor details, the 
methods of putting the together may be 

found msofal :— igh hg 

‘Tn order to insure absolute freedom from any foreign substance, the porcelain 
cell mast be successively washed in dilute solutions of potssic hydrate and 
hydrochloric acid, and then thoroughly dried, Warm a picce of scaling-wax 
in the | and draw it to a point. Slowly heat the open end of the 
cell in the alcoholic flame. When hot onough to very readily melt the wax, 
apply the point; and while the vell is continually rotating, cover evenly a space 
‘to the depth of 15 mm. with wax in the interior. It should be about 2 mm. 
lice oe Pick up the short piece of tubing, «, which has beon previously 
} one ond, and rotate it over the flame. When both porcelain cell aml 
glam tube aro as warm as they can be made and yet the wax kept smooth 
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All the plants upon which these averages are based were grown 


under the same conditions. 


627. When any plant 
is lifted, even with great 
care, from the soil in 
which it has grown, many 
of its more delicate root- 
lets are torn off and left 
behind. Hence it is 
difficult to ascertain the 
total amount of roots 
belonging to a plant. 
Even the best plan yet 
devised for cleaning the 
Toot previous to measur- 
ing it—that of allow- 
ing a stream of water to 
wash away all the earth 
which it will detach — 
usually causes a few of 
the finer rootlets to be 
carried off. It has been 
shown, however, that the 
roots of peas, beans, and 
the common cereals are 
abundantly branched to 
a depth of more thana 
meter, and that many of 


3 


™ 


them penetrate considerably further. Schubart states that the 
amount, by weight, of roots in peas and wheat, compared with that 





6. Lexora ix Minuimerens. 











‘Silver Fir. Scotch Pine. 
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Fig. 14. Roots of scodlings of Tritiens  B, plant four weeks obter than A. 
‘The Meesedek tas ie peepee tees) = 











CHAPTER VIII. 


SOILS, ASH CONSTITUENTS, AND WATER-CULTURE. 


632. Wnen a plant is carefully dried at a temperature slightly 
exceeding that of boiling water until it ceases to lose weight, 
there remains behind a brittle combustible residue. The dif- 
ference between the weight of the plant and that of the resi- 
due represents the amount of water previously contained in 
the plant. This differs widely, according to the kind of plant 
and its age. The following table gives the proportion of water 
contained in a few of the most common plants : — 


Red Clover, before flowering. . . . . . . 88 percent. 
«4 in full flower. 6... 6 6 78) 
Oats, before flowering. . . . 2... . 82 
“inflow... ee ee 
Tamip (root) . 2... +e 1. OL fH 
Beech (leaves), in summer... . . ~~. 75 tt 
«« “inantumn 2. BB 
Drygrins 2...) ee Mtl 
Drywoods . 6. ee ee ee ee 


633. If the brittle residue left after complete expulsion of the 
water is burned in the open air, there remains behind a small 
amount of gray ash; all the rest is wholly consumed. The 
amount of ash also varies widely, according to the kind of plant 
and its age. In the following table’ are given the proportions 
for a few common plants : — 


Per cent of ash in Per cent of ash in 
fresh material. dry material. 


Red Clover. 2 6 2 ee ee OB 5.6 
Sugar Beet (root) . 2. 2 se 8 48 
IndianCom. 2...) ee OD 5.5 
4 (gin) 2 ed 1.5 
Beech (leaves), in summer. . . 1.8 = 
«4 inautumm 6.8 = 


#34. Ina general way it may be said that the combustible 
matters are derived chiefly from the atmosphere, while all the 





1 The student is referred, for detailed accounts of analyses from which these 
figures have been chiefly taken, to Jolinson's ‘ How Crops Grow,” 1868, 
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water and the incombustible ash come from the soil. In the case 
of aquatics this general statement would not appear to hold, for 
they obtain all their substance from the water in which they live ; 
but, as will be seen later, this source is essentially the same. 
We have examined in the previous chapter one of the means 
Cree eee een nena cr peter cd acl tinsertalsy 
po Bi tarot ana to consider now the source from which this 


635, Formation of soils. are produced by the disinte- 
gration of rocks. Tay tes mechanical, as that caused by 
4 and the action of frost; or it nay be and 
generally is associated with more or less chemical change. In 
soils, some of the products of the decomposition of organic sub- 
stances arc usually intermingled with purcly mineral matters 
aggregated in various degrees of fineness. Soils exposed to 
atmospheric influences constantly change both in their physical 

PI pet tari! coopasiioc, us ceaagen being wcoognt 
abont chiefly by the combined action of moisture, carbonic acid, 


z 


oxygen. 
636. Water not only wears away solid rocks by its mechanical 
action, but after it has insinuated itself into the crevices of 
rocks it accomplishes the work of disintegration far more rapidly 


ws cad Sc 
When rocks become loosened by running water, or by the 


slow movement of glaciers, the crushing and grinding of the 


Water, especially when it holds atGonio'aded in ‘motution, da 
® very important agent in changing the characters of rocks ; 


effect in disintegrating and dissolving certain rocks. 
687. The free oxygen of the atmosphere is also an efficient 
See Ratinnge by which rocks are broken down to form 


a of e is usually given as approximately one fifteenth 
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ee ee slays and isace the 

is sometimes loosely applied, Calcareous or lime 
ealcic carbonate in large amount. ‘To calcareous 
Sauer in a state of rather fine subdi- 

mari is frequently applied. Peaty or humus 
contain a considerable proportion of par- 
matter; when such matter decays under 
BB cere peat, or muck; when it decays without much 
known as mould. 

Sl eat analysis, as by simple washing and sift- 
ing, it is possible to separate a soil into its mechanical ingre- 
dients, which are; (1) Gravel; (2) coarse sand; (3) fine sand; 
(A) clayey sand; (5) clayey substance, or fine clay. 

‘The mechanical subdivision of soils has an important bearing 
aie their physical properties and upon their adaptability to 
onl pl of roots and the sustenance of plants.’ 
studies by Darwin,* it is plain that in some 
tention been have exerted, by their burrowing and 
vast influence in changing the physical character 
Sine sae. ee which they thrive. 


: 
F 


ad 
iil 
i 
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to liquids, to gases, and to heat; for all of these directly affect 
the | ‘and indirectly the nutrition of plants. 

Absorption and retention of moisture by soils. It is con- 
venient to examine the relations of soils both to liquid water 
and to aqueous vapor. Soils can absorb from the atmosphere 
‘and condense upon the surface of their particles, or in their inter- 
stices, a certain amount of the vapor of water. This iy 
‘of absorption, known as that of hygroscopicity, is different in 
different soils, as shown by the following table from Sehiibeler.* 

Five hundred centigrams of cach soil carefully dried were 
‘spread over a surface of thirty-six thousand square millimeters, 
and exposed for varying periods to an atmosphere saturated 
with watery yapor; the amounts of waters absorbed (in centi- 
grams) were as follows : — 





1 The reader should examine a paper by J. D. Whitney (Plain, Prairie, and 
epee ives tesussasen tis enc taseince of the cate tron of 
Se ee ot fmt ‘See American Naturalist, October 
Tha Formation of Vegetable Mouk! throngh tho \Action of 


"Eo Laon er pier Chi, 6 wp. 18 16 
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that date says: ‘Earth, especially clay, seizes upon the sol- 
uble matters intrusted to it, and holds them back, in order 
Bee artis we 


653. When dilute solations of a salt are slowly filtered through 
sand which contains a good admixture of clay, the water passes 
ont for a time without more than a trace of the salt, and in 
some cases all the salt is retained by the soil, Even sewage 
liquids can by this method be freed from their offensive ingre- 
dients. This phenomenon of filtration is duc to adhesion (that 
is, the attraction which the surface of one kind of matter has 
for another kind of matter). The substances which are removed 
by the particles of soil are so fastened to them that even 
Sentai atlas sergio 


654. Chemical absorption by soils. Besides this physical ad- 
hesion, there are exhibited by many soils certain chemical phe- 
nomena also, which have been collectively termed chemical 

Tf a solution of potassic nitrate {s filtered through 


almost any ordinary soil, the water which drains off will con- 
tain very little if indeed any potassium; but it will have, in- 
stead, magnesium and calcic nitrate in appreciable amount. Bat 
this absorptive power of a soil is soon satisfied; for after 
& certain amount of potassium has been removed no more is 

taken up. 
(sana enalene teeta etal 
more of the base being absorbed from strong solu- 


absorbed in the following order: (1) Potassa, (2) Ammonia, 
(8) Soda, (6) Moanin, (5) Lime. Different soils absorb the 
same substance in different amounts, depending upon the physi- 
cal condition of the soil, but chiefly, it is believed, upon the 


from the sulphate. 
Tiimay Ye ould then tho elie of the albalfes and 
are so absorbed by rich soils that the hasea 
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and the plant will speedily show when the amount required for 
Different 


the absorptive activity of its roots is not furnished. 
plants, however, require different amounts : thus aquatics and 


do not need so much oxygen for their roots as 
do plants which ordinarily grow ina porous soil. Partial exe 
clasion of oxygen from the roots of the latter by keeping the 
soil saturated with water usually injures the plants in a short 
time. 


ane aera cones meet Ottery thet beedings of maby 
Syiiationg better results are obtained, however, if air is oceasion- 


\y water. 

650. The temperature needed for the absorptive activity of 
Toots varies with different plants. It may be said, however, 
Seater hone tm abecepfive power tncregeee with 
bpp 


660. Different soils have very different relations to temper- 
atare, Leaving out of account the small amount of warmth 
derived from the chemical changes going on in the soil by which 
heat is evolved, it may be said that the heat of the soil is derived 
from the sun's rays. The angle at which these rays strike the 


amount of heat which it can receive and retain, Dark soils ab- 
sorb heat most readily; but it has been shown that black soils 
are less absorbent of heat-rays than are those which are dark 
- The radiating power of a soil depends upon the character 
being much peatiie ha fou cane of'Rin cel dasa 

Ph ayohgdentan 
661. It mast be noted, however, that the heat-rays which fall 
upon a given soil may have different degrees of intensity, Some 
bodies (¢. g. lampblack), can absorb and give off by radiation 
of bodies 








COMPOSITION OF THE ASH. UT 


in many cases with the age of the plant. The following table* 
indicates the per cent of ash in a few instances: — 


wobeen 







ls 
Me 


SEL LERECE 


elements: 

pamantetioe: potassa, phosphoric acid, lime, magnesia, 
‘soda, and ferric oxide. But it is to be observed 

that the combinations stated in the tabulation of analyses are by 

ho means designed to exhibit all those in which the elements 


Zosammensetzung der Asche, 1865, p. 77 et seg. 
translation of Wolff's tables in the Appendix of 
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learning the office of each constituent. This is more satisfac- 
torily accomplished by water-culture, which, reduced to its sim- 


noting thelr effecta upon it. It has been long known that plants 
ean be grown to a considerable size in ordinary river-water, or 
water holding in solution certain wineral salts.' Bot it was not 
until 1858 that the method of water-culture was systematically 
applied by Sachs, Knop, and Nobbe to the investigation of the 
relative value and the office of the different mineral constituents 





‘the plantlet in place, and not 
enough to injure it in any way. When the plant has attained 
the height of a few inches, it is well to provide a firm rod at the 
side of the cork, so that the stem can be held in place. Certain 
precautions have been found advantageous: (1) the roots in the 
ja anon kept darkened; (2) the solution should be fre- 


Seiseiaesitallyimadaged, this: method of, culture. gives very 
_ = 





3 Woodman [Philosophical Transactions, 1699) and Duhamel (Traité des 
IGM erialan gioes-enarenes or cons loan of rors iento ta 
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NUTRIENT SOLUTIONS. 251 
—— wn v otal chee 
4 ee we es ‘io nitrate 
‘1 Equivalent of . . . Magnesio sulphate (crystallized) 


‘One part of the mixture of these salts is to be dissolved in 
one thousand parts pure water, and then a trace of ferric phos- 
phate is to be added, and at times during any culture a trace 
also of potassic phosphate. The proportions of the above salts 
to a liter of water are given as follows by Bretfeld :'— 


Gram. 
Potassic chloride... - .. 1 2 + ee: 207 
Calteniqae SS. ee 456 
Magnesic sulphate. 6 0 6 6 eee ee 171 

673. Pfeffer recommends the formula suggested by Knop :? 
Calcicnitate 2-2. 1 ee 4 parts by weight 
Mognesic sulphate (crystallized), ~ ny weigh 
Potassic phosphate . . . . + part by weight 


‘These salts are to be thoroughly mixed and the mixture used 
in the proportions of yds) reso) eho parts of water. ‘To the 
tere acd se, a drop or two of a solution of 

fron salt, or a decigram of ferric phosphate, must be 


solutions, 
some 
added. 

674. According to Knop, the first of the solutions mentioned 
above (one half pro mille) is as dilute as ean be useful; and on 
the other hand, a five pro mille solution is as strong as can be 
employed with safety. But the stronger solution should be used 
as the plant comes into flower. The slight turbidity which is 

noticed in these solutions may be disregarded. 

Tf the solutions become alkaline while in contact with the 
roots, as they are very apt to do, a trace of dilute nitric acid 
may be added with advantage. But it must not be forgotten 
that it is best in every case to renew the solutions frequently, 
and as a rule to employ them in tolerably large amounts, 

it is advantageous to pass a current of air occasion- 
through the solutions in which the roots are placed, for the 
Purpose of supplying more oxygen to them.* 








Perea ela it Bengt wriour otis taro Des pie 
‘posed, only a few of which can be here referred to: (1) 8 to 8 grams of sugar 
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fresh surface in contact with the solution, when after a short 

time the dye will mount through the flower-stalk and tinge the 

parts of the perianth according to the course of the bundles. 
699. Rate of ascent. ‘The following are some of the discor- 





700. But little is known as to the reason of the high conduct- 
of ligneous tissues. That it is not wholly due to 


ee tena ce tatteae ae 
leaves of plants is most rapid, and the transfer of water to sup- 
ply the loss must be greatest, the cavities of the ducts are not 

led with liquid, but contain a considerable amount of 
air; whereas according to the theory of capillarity they should 
contain only liquid. By a very ingenious series of experiments 
Sachs has determined the relative amount of space occupied by 
the cell-walls, water, and cavities in several fresh woods, In 
the case of fresh coniferous wood he found the following ratios 
in 100 cubic centimeters of wood : — 


Bat, as Sachs says, since neither intercellular spaces nor ducts 
are present in this wood, the 16.56 per cent of air must be con- 
tained in the cavities of the wood-cells; and further, since the 
cell-walls can take up only about half their volume of water 
erent” the remainder (46.23 c.c.) must 
in the cell-cavities. 
701. Se sereins 4 determining he armoant-of-water bald ky 
the cell-walls of dry wood is the following 
A thin cross-section iti freaks writ Kine ria acpi nell 
it ceases to lose weight. During drying a crack appears, run- 
ning from the centre to the circumference, After ascertaining 
ee ie ae rs oer cb 100° C.), the wood 
ig suspended in a saturated atmosphere until enough water is 


a 


— 





‘undergoes upon exposure to air, 


work. De Vries? has shown 
lant, for instance a Helianthus, 











no pressure for the root-system, another showed a pressure of 


p= ioral 
Bleeding is not by any means of universal oceurrence in 
wounded pla (elit Maa 


710. The bleeding from a plant may be greatest immediately 
after the wound is made, or it may in a few cases not reach a 
maximum for some hours or even days, after which it gradually 
foc eh anne It may recommence after the wound 

According 


is reopened. are Fiseling any ‘Goalline t 
some cases for a month. 


711. The amount of sap which eseapes during bleeding is 
variable even in the same species. cova rhein i 
that the loss is very large: — 


‘Betula papyracea, 24 hours, 634 ths. (Clark). 
Agave Americana, 24 hours, 875 cubic inches (Humboldt), 


712. Hofmeister has given the following example, to show 
how large is the relative amount of sap which can flow from cer- 
tain plants. From a specimen of Urtica urens (stinging nettle), 
whose root-system had a volume of 1,450 cubic centimeters, 
there eseaped in 2} days 11,260 cubic centimeters of sap. 

713. padi paint d aaggtaerd al 

case, according to the surroundings. ‘The following 
ft a espana! ty Cis il int he vara 
in pressure noted during a comparatively short 

“A gange was attached to a sugar-maple Marsh 31st, three 
days after the maximum flow of sap for this species... . The 
mercury [in the gauge] was subject to constant and singular 
oscillations, standing nsually in the morning below [its] zero, 
re ce * Poverte section into. tha tao, 

with the san until the force indicated was 
Meera ccs or sane mente oe 
at 6 a. o., April 2ist, there was a suction into the tree 

iv Taise a column of water 25.95 feet. As soon as the 
‘morning sun sbone upon the tree the mercury snddenly began 
Stn hk 8185 the ror ata eon 
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ss MECHANISM OF STOMATA. 269 
so that they may be fairly regarded as a part of the system for 


to the aeriferous spaces, and thus by the uninterrupted com- 
munication between the minute fibrils in the root-system, the 
stem-system, and the leaf-system of the plant, water which has 
been absorbed by the roots is brought finally to the parenchyma 
cells which surround the spaces under the stomata. If it 
evaporates from the outer side of the wall of these cells into 
the intercellular spaces, the water may make its escape through 
be 

723. Stomata are not mere epidermal rifts having an aper- 
dem te Raveey ig with. The guardian cells of a stoma are so 
arranged with respect to each other and the proper epidermal 
cells contiguous to them, that the width of the opening between 
them can be increased or diminished upon certain changes in 
‘the surrounding 


conditions. 

‘724. Mechanism of Stomata. In examining the mechanism of 
stomata it is necessary to distinguish between their three parts 
which are shown in a vertical section; namely, (1) the anterior 
groove, (2) the cleft, and (3) the posterior groove, which is 
usually continuous with an intercellular space. It is plain that a 


of the anterior face of a stoma is not suflicient to show whether 
the stoma is most widely open ; the width of the cleft itself must 
‘be ascertained. 


725, In distinction from proper epidermal cells, the guardian 
chlorophyll, and hence under the influence of light 

(see “ Assimilation”). As might be 

expected, to oamote tenon is different in these two groups 


ofcells, 

“726. The following sccount, condensed from Strasburger, 

shows the relations which the guardian cells sustain to those 
| the stoma as regards the thickness of the walls. The 
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733. Vesque bas devised an automatic apparatus’ by which 
the disturbance of the equilibrium of the balance as the water 
evaporates can be recorded upon a revolving drum.» In this 

as soon as the necdle records the moment of descent 
of ‘beam, an electrical current releases a valve so as to per- 
mit the passage of a sufficient quantity of mercury to the losing 
side of the balance to restore the equilibrium, 

73. The registering apparatus of Krutizky? is simple, but 
unfortunately can be used ouly with 
cut stems or branches. It consists 
of a U-tube filled with water, in one 
end of which « leaf or stem (out off 
‘under water) is inserted, through a 
eoraariat a, Through a cork 

the other end extends the short 
gat x . In a jar of water 
a tabe balanced to keep 
iterect. This is somewhat like an 
hydrometer (but open at the top), 
and contains a certain amount of 
water into which comes the long leg 
of the . When by evapora- 
tion from nt water is drawn 
up h the siphon out of the 
_ the tube (called a 
“ ) of course becomes 1 
irae rises in the jar. Ifan 
park the swimmer, as in the fignre, it can be used 
to record /a revolving dram the rise of the swimmer as the 
plant ‘To prevent evaporation from the water in the 
Jar and in swimmer, its surface is covered by a film of oil.* 

735. When & transpiring plant is placed under a bell-jar, a 
certain of the transpired water will collect upon the 
inside of the jar, — often a sufficient quantity to appear as large 





Fora fall sunt of is connrctin so Asano os Senay 6 
tome vin, 1878, 
? Botanische 7 1878, p. 161. 


demonstration. It is easily understood from Fig. 147. The fall of water irr 
the small Isternl tube is very marked, but attention should be called to the 
emer one SPO abenghng Sarl U woe bs the 


Pro. 146. Sanayn ene 
1 


274 TRANSFER OF WATER THROUGH THE PLANT, 


drops. This method of demonstrating transpiration Las been 
used, when somewhat modified, by many investigators, notably 
Dehérain.' It is well adapted to class experiments, since very 
simple appliances*can be used: for instance, 
a leafy stem can be inserted in a piece of 
pasteboard, and the cut end of the stem 
placed in a tambler of water; another tam- 
bler, inverted over the stem, rests on the 
pasteboard. The water in the lower tumbler 
is prevented from evaporating into the upper 
one. The amount of water which collects on 
the inside of the upper tumbler comes wholly 
from the transpiration of the plant, and will be 
found to vary acconling to the surroundings 
(see page 275 et seq). 

736. If a weighed 
amount of ealcic chlo- 
ride is placed with a 
transpiring plant in a 
confined atmosphere, the 
salt will readily take up 
the aqueous vapor, and 
itsincreasein 
weight gives 
the amountof 
water exhaled by the plant. This 
method of measuring the amount 
of transpiration has been em- 
ployed by several experimenters, 
who have obtained results sub- 
stantially in accord, It must be 
noted, however, that in this 
method the air to which the 
plant is exposed is rendered ab- 
normally dry by the presence of nai 
the salt, and the plant is there- 
fore subjected to an Unusual draft upon its water-supply. 

737. Garreau’s method of comparing the relative amounts of 
transpiration on opposite sides of a leaf is based on that last 







1 Conrs de Chimie Agricole, 1873, p. 180 ef seg. 
* Honslow. See Oliver’s Botany (1864), p. 16. 


Pro. 147, Appacatae foe demonstration of traneplraliees 
‘Fra. 168, Garreau’s apparatus, 

















organi 
taken plese ‘concentration of these dilute solutions by 
evaporation. ‘The extent to which such concentration must 
Sere eee ee inferred from the large amounts of 
ee encetapuace. 2 some common plants under ordi- 
“According to Haberlandt,? the total 
of water exhaled from « plant of Indian corn during 
sna of ae al So of hemp daring 140 days, 
SUR eee ctamatires dartcs the the same period, 66 kilo- 
grams. Héhnel* estimates the amount of aqueous vapor given 
off between June Ist and December Ist, by a hectar of beech 
forest (the trees averaging rather more than one hundred years 
in age), to be between 2,400,000 and 3,500,000 kilograms. 
‘That the leaves in autumn contain more ash constituents than 
in spring, appears from numerous analyses, of which a few 
< e leaaeaatl compilation. 








¥ upon 
shown that in the course of the year the absolute hamidity in the 
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ASSIMILATING SYSTEM OF THE PLANT, 285 


APPROPRIATION OF CARBON, OR ASSIMILATION 
‘ PROPER. 


759. The appropriation of carbon, and its combination with 
the clements of water, is by far the most striking of the kinds of 
assimilation ; and since it underlies to a certain extent the forma- 
tion of the matter with which nitrogen and sulphur are incorpo- 
rated to constitute the living substance, it may well lay claim to 
be considered assimilation proper. It was employed in this sense 
by Asa Gray in 1850, in the second edition of the ‘Text-book. 

For brevity, therefore, the term assimilation in the present 
section will be made to refer to the appropriation of carbon. 

760. With some exceptions, to be mentioned later, the follow- 
fing statement holds good for all plants: assimilation és exsen- 
tially a process of reduction in which the inorganic matters are 
(1) water taken from the soil, and (2) carbonic acid ' taken from 
the air; and the organic substance produced from these is some 

which contains less oxygen than the two together. 
Hence in assimilation there is, with the evolution of oxygen, 
8 partial reduction of the inorganic matters employed in the 


Process. 

761. Assimilation takes place only under the following condi- 
tions: (1) The assimilating organ must contain living chlorophyll 
or its equivalent ; (2) water and carbonic acid must be furnished 
in proper amount; (3) rays of light of a certain character must act 
upon the organ; (4) it must be kept at a certain temperature, 
there being a minimum degree of heat below which, and « maxi- 
mum degree above which, no assimilation can occur ; (5) a minute 
amount of certain inorganic matters other than those named, 
notably some compound of potassium, must be within reach. 

762. The assimilating system of the plant. All cells which con- 
tain chlorophyll or its equivalent, and which admit of exposure 
to the sun's rays, constitute the assimilating system of the plant; 
but it must not be understood that they perform only assimilative 
work. In the simplest vegetable organisms (unicellular or fila~ 
mentous alge) and even in some water plants of the higher 
grade (Anacharis) these cells are at one and the same time 
members of an absorbing, a storing, and an assimilative sys- 
tem. In land plants, and in some water plants, however, certain 
cells have the office of assimilation as their special and dominant 


general throughout this work, tho term carbonic acid will be employed, 
Pes pon a a lag tan 
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ORIGIN OF CHLOROPHYLL GRANULES. 287 
following view appears to bo most in consonance with recent 


are more oF less clearly differentiated from it even at an early 

the cells which develop from the growing point 
assume the different characters which fit them for special ser- 
viee, for example, those in certain tubers and roots for store- 
houses, those in leaves for assimilation, and those in some 
flowers and fruits for color, their plastids may likewise assume 


ea pleetite wich ‘eee cme et of 

conditions might become leucoplastids, may, under another set, 
1, ete. 

"767. ‘The recognition of this view regarding the origin of 

chlorophyll grains, etc., although it is as yet partly hypotheti- 

eal, will enable the student to explain some of the extraordi- 

nary intermediate forms met with; for instance, those where the 


SS 

ast Saar Spee Cireaba nen, U8, a Botantchen Octo, 1808) bn 
reaced mbes the ‘same results 4s those obtained by Schimper, which in 
the account above gi with nomenclature. 





288 ASSIMILATION, 


plastids of one sort can for a time undertake the office of the 
plastids of another sort. It explains, partially at least, the in- 


Plants grown in- the dark (compare 788) become. green upon 
Ee ee 
kept too cold. The minimum temperature at which they turn 
green is different for different plants, but may be said to be 
in general not far from 6° to 10° C, 

Certain Gymnosperms, notably seedlings of Abies and Pinus, 
develop a bright green color in the deepest darkness, provided, 
as before stated, the temperature is not below a certain point. 


769. Oecurrenee of the chlorophyll The granules are 
found only very sparingly in epidermis, being chiefly confined to 
the guardian cells of They principally in 

immediately below the and seldom out 


Pigment agrees 

ordinary chlorophyll? In some cases it must still be considered 
an open question whether the granules may not be (or at least 
represent) independent organisms dwelling im certain cavities of 


1 The views of Grin (Ann den 8. nate ot, 1857) ay rind a 
c differentiation of 





ea isterostiagtrecimont of Ue wkject, chassis Gaiden Mabesela ah 
pa Penman Royal Microscopical Society, 1882, pe 241. 
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STRUCTURE OF CHLOROPHYLL GRANULES. 289 


these lower animals. These cases of possible symbiosis deserve 
and sre receiving careful investigation. 

771. Many species of plants derive all or a part of the organic 
matter required for their growth and proper activities either from 





* depends upon the action of dilute hydrochloric 
acid on the green parts of plants. When « thin green tissue, 


1 In some of the Thallophytes, the whole or nearly the whole of the proto- 

seems to be evenly colored, presenting the appearance of colored 

A ‘stellate forms, eto.; and such colored masses are strictly ehlaro- 

(Die Chromatophoren der Algon. Fr. Schmitz. Bonn, 1882). 

Pringshelin’s Jahrb., xii., 1879, p. 289. 

Fic. 49 Hypechlorin, A, a cell of @&togontum treated with bydrechlorie acid for 

| hporibhalpe hed esp sre two cells of 
trestwoent. (Prinpbetm) z 
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THE CHLOROPHYLL PIGMENT. 291 


eyanin). If considerable aleohol is now added, and the mixture 
shaken, the liquid again becomes thoroughly mixed and of a 
clear green color, Fremy’s later researches have led him to re- 
gard the so-called phyllocyanin as really an acid (phyllocyanic), 
which is probably combined with potassium, and tho salt thus 
formed mixed with phylloxanthin to form the green coloring- 
matter of chlorophyll. 
(2) Kraus's process. This method of separating the two 
is based on the action of benzol. The alcoholic 
solution prepared as directed on page 290, or, much better, with 
alcohol of 65%, is shaken with about twice its volume of benzol, 
or, according to R. Sachsse, with benzin (sp. gr. .714). After 
a while the turbid liquid separates into a benzol layer above, 
aaicnenatrumtacin wakeup iain tn 
yellow. The yellowish pigment is called by Kraus, xanthophyll, 
|, kyanophyll. According to Wiesner, kyanophyll 
Sr edbety ieee Cavey tiend trons sotatedipctons pipe 
ment xanthophyll. It is believed by many that the yellow pig- 
ment separated by this process is identical with that found in 
i en ee ae 


MMe Sata (nino at wii avn oss ea 4 
foot-notes*) have been employed for the isolation of the pare 


(1) Barzelius evaporates the alcoholic extmet to dryness, and.after treatment 
with i 





a Ais leholic elation, by ot of either aluminc or magness hydrate, all 


thoroughly washing the precipitate 
Rendus, 1., 1860, p. 405 ; Ixi., 1865, p.188). (3) 
sel rare iri erat ned elit Baer 





spontancous 
of purity, which are called by Hoppo-Seyler 
phys. Chem., iii. 1879, p. 339). (4) In Gantier’s pro- 
Peciaet barn ist with sols hydeves sa proces After this the 
of the leaves is treated with aleohol at 55° C., pressed, and then 
cold 83 por cent alcohol, all waxy matters left by the pro- 
cous undissolved, ‘Tlie alcoholic solution is mixed with animal charcoal and 


i 





SPECTRUM OF CHLOROPHYLL. 293 


the first. The spectra of chlorophyll solutions from two different 
sources can thus be at once compared. One of the combinations 
can also be employed to project the solar spectrum (unchanged 
by passing through any color whatever), and its constant lines 
(Fraunhofer’s lines) can be used for the determination of posi- 
tion of the bands seen in the spectrum of the liquid by its side. 

778. The spectra of many substances, among which chloro- 
phyll occupies a prominent place, have absorption-bands of such 
constancy in position and appearance that they are justly regarded 
as characteristic. 

779. The spectrum of an alcoholic solation of chlorophyll has 
been shown to be essentially the same as that of the chlorophyll 
granule itself, In order, however, to obtain all the absorption- 
bands characteristic of chlorophyll, it is necessary to examine 
successively solutions of different degrees of strength, some of 
the bands appearing only in dilute and others only in strong 
solutions. For comparison, absorption spectra obtained from 
different sources are here given. 





10 


Fro, 180, Spectra of chlorophyll. ‘The upper figure shows the spectram of xn aleo- 
slic salution of medium conceutration, while the middie figure gives all the absorptioa- 
bands of chlorophyll; those on the right as shown anly in dilute sotutians, ‘The lowest 
figure exidbits the spectrum of a living loaf of Doutzia wabra, (Kraus) 








296 ASSIMILATION. 


The instructive similarity between the spectrum of the yellow 
coloring-matter of chlorophyll and that of the so-called etiolin, 
or yellow coloring-matter which can be extracted from blanched 
leaves, is shown in the two figures here given. 





789, An alcoholic solution of chlorophyll undergoes yery little 
ifany change when kept in the dark; bot even a short exposure 
to strong light destroys its green color, and leaves the liquid 
pale brown, or nearly colorless. When, however, strong sun- 
light passes through a solution of chlorophyll before it reaches a 
second receptacle filled with the same liquid, the first solution 
protects the second for a considerable time; and only after the 
first has lost a portion of its green color can the second be also 
acted upon. 

790. Sachs* has pointed out the interesting fact that green 
leaves, especially those of delicate texture, become paler when 
exposed to very bright light, and resume their deep green 
color when again subjected to a less intense light. If one leaf 
is partially shaded by another, the shaded leaf preserves its nor- 
mal deep green color, while the leaf exposed to the light grows 
distinctly paler, This effect, due probably to a change of posi- 
tion of the chlorophyll grains, can be shown experimentally 
in the following manner: Fasten closely to a green leaf, still 





} Bor, tiber dio Verhandlungen (Math. Phys, Classe) der Siichsischen Ge- 
sellech. xi,, 1959, 226; and also in Exporimental-physiologic, 1885. 

Tio. 151. The upper spectrum is that of the yellow constituent of cblorophyll from 
Deutzia seabra; the lowor, that of the coloring-matter of otlolaled barley, in dilute 
solution. (Kraus) 
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L CHANGES IN LEAVES OF EVERGREENS, 299 


Re ar ie recto mw oft 
cells; bi t leayes of the second type the color is due to 


tive reddish or yellow mass (supposed to be tan- 
g from a surface view the clustered chlorophyll 
which retain their vivid hue. In all cases of 
the granules of chlorophyll, at the beginning 
of the oc , pass from the’ walls to the centre of the cells, 
and aggregated in compact clusters. Their normal 
» is restored in the warm days of early spring. 

has examined the changes in autumn in the cliloro- 
ai pamavenierion He finds that in this plant some of the 
tore superficial cells under the epidermis contain minute granular 
masses of a brownish color, but no chlorophyll granules are to 
be distinctly seen, and t the subjacent cells have more or less 

granules w! are yellowish or brownish green. 
‘In the cells making up the more spongy tissues there are a few 
chlorophyll granules quite intact, but there are indications that 
some others have been completely destroyed and their coloring- 
matter taken up by the surrounding protoplasm, apparently in a 





798. Tt was thought by Kraus that the winter change in the 


Prato but it has been shown by Batalin' and Askenasy * 
that light has s more important influence upon the chlorophyll 
changes of temperature. 

. The raw materials required for assimilation, and their 
SEMaHISAIRE ThA aettisilAttnn’ oryans, ‘These are (1) water and 
(2) carbonic acid. In earlier chapters it has been shown in 
what manner and to what extent water and small traces of min- 
eral matters are brought from the soil into the plant. It is 
now necessary to ascertain in what way carbonic acid enters 
the and is appropriated by it. 

800, of carbonic acid by water plants, These can 
‘absorb carbonic acid substantially as they absorb mineral salts, 
directly from the water in which they live. ‘The amount of ear- 
bonic acid found in rain and other waters is variable, ranging, 
according to the best authorities, from about one per cent to 


le ee ene of one per cent. The amount 
existing in the free state in nataral waters in which plants thrive 


+ Botanishe Zeitung, 1874. 





% Botanische Zeitung, 1875. 
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bles will be evolved ; ee ee 
the the assimilative process. But, 
breath from the lungs be passed by means of a slender 


soon after light again has access to 


ee ered 
‘it will be shortly seen that orange light differs from 
its effects upon the rate of the evolution of the 


d the base of the test-tabe a few fragments of 
20 
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PASSAGE OF LIGHT THROUGH LEAVES, 309 


821, The depth to which light can penetrate green tissues, ‘This 
ean be ascertained approximately by a simple apparatus sug- 
gested by Sachs.! A pustebourd tube, a foot or so in length 
and about an inch in diameter, is cut at one end so as to fit 
around the eye very closely and allow no rays to enter except 
Con he oper hapieeltaaeg If a thin leaf be placed 

end of the tube, and it be held towards a bright 
light, a large portion of the light will be received by the eye. 
Tf leaf after leaf be placed over the first, the green color soon 
gives way to a dull red, and finally is excluded. altogether. 
The same apparatus shows to what depth light can penetrate 
ate layers of green cells taken from a stem or from thick 

822. The quality of the light which penetrates a leaf, or which 
has passed through one layer of cells containing chlorophyll, is 
‘shown by means of the spectroscope. From what has been 
shown (p. 296), it is clear that the light which acts on the cells 
below the first layer exposed to the sun’s rays must be different 
from the incident rays themselves. The light which reaches 
the deeper tissues of a leaf has passed through more than one 
film of green tissue. 

823. The degree of intensity of white (that is, uncolored) light 
most favorable to assimilation has not been determined with 

. The lowest limit at which any assimilation has been 
observed) ta considerably above that at. which etiolated chloro- 


phyll turns green.’ 

824. Tt has been shown‘ that very intense white light, even 
pees cet eretred of néariy all of ite heat rays, can 
destroy the vitality of vegetable cells. Considerably before the 
death of the cells from this cause, the chlorophyll granules in 
them lose all their coloring-matter, even when they preserve 
their general form, and having once lost their green color, do 
not afterwards regain it. 





Spates es Reperimental-pifsiologin, 106 i 5 

4 Bat it has boon shown by Haskel that the angle at which n beam of light 
strikes « plate of glass makes a noticeable difference in the amount of the chemi- 
eal rays which can pass through it; thas while at a vertieal angle 81 per cent 
of the rays are transmitted, the rest being absorbed, at an angle of 60° the 
amount transmitted is reduced to 71 per cent, and at 80° to 33 per cent, The 
pn Re a weep elope rocaabia cole 

(gmetad Siichsischen Gesellschaft der Wissenschaften}. 
Bachs : Experimental-physiologic, 1865, p §. 

+ biapbas Monatsborichte der Berlin Akademie, 1879, 
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DRAPER'S EXPERIMENTS. 811 


off during exposure to different rays of the solar spectram. From 
his results it appears that ‘the rays which cause the decomposi- 
tion of carbonic acid gas have the same place in the spectrum as 
the orange, the yellow, and the green ; the extreme red, the blue, 
the indigo, and the violet exerting no perceptible effect.” * 

Draper lays great stress upon the interesting fact previously 
noticed by Daubeny, that the chemical rays appear to have no 
effect upon the work of assimilation. He does not, however, 
offer any explanation of the curious fact that the chemical activ- 
‘ity of the plant is dependent upon other rays than the chemical 
for its excitation. 

827. The principal results obtained with submerged water 
plants by Cloéz and Gratiolet,? who exposed Potamogeton and 
+ A Treatise an the Forces which jos the zation of Plants 1 
17. Wigs undo of Cyationsiny Uedot ty Dave flows 

hy long boiling and subsequent cooling, obtained water free from 


: 
z 
Z 
i 
i 
: 
; 
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“The gas thas collected in each tube having beeu transferred to another 
and its quantity determined, the little trough, with all its tabes, was 
su actively 
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‘TIMIRIAZEFF’S RESEARCHES. 313 


‘One, ot thirty per cent of carbonic acid, and made of red, yellow, 
green, blue, violet, and colorless glass. His results agree in 
ee tees nie 

$30. In 1870 further investigations in the same subject were 
made by Pfeffer! The following is a résumé of the results of 
his experiments with the leaves of five different plants exposed 
to colored light: Only the visible rays of the spectrum cause 
decomposition of carbonic acid ; and in this process the brightest, 
that is, the yellow rays, are as efficient as all the others taken to- 
gether, while the most refrangible rays, those which act most en- 
ergetically upon chloride of silver, have only very slight influence 
upon the work of assimilation. 

Every color of the spectrum may be said to possess a specific 
quantitative influence upon assimilation. ‘This influence remains 
D whether the color is isolated, combined with one, or 
with all the other colors of the spectrum when it acts upon a 
ett ct wernt ar 

$31. Examination of the spectrum of chlorophyll (779) shows 

that the part of the spoctrum which absorbs inost of the rays is 


Miller and Timiriazetf, cited in the notes, have endeavored to 
investigate this anomaly. 

832. Timiriazeff,* in a series of researches in 1877, experi- 
mented upon the slender leaves of Bamboo, which he placed 
in tubes of small calibre containing air of known composition, 





41 Arbeiten des botan, Inst. in Witraborg, 1871, p. 1. 
also be cited :— 


AL von Wolkolf, Einige tiber die Wirkung des Lichtes von 
verschiedener Intensitiit auf dic der Gase durch Wasserpilanzen. 
Pringsh. Jahrb., v., 1866, p. 1. 

‘Mayer, ‘von organischer Pflanzon-Substanz bei Ausschluss 
der Lichtstrahlen, Versuchs-Stationen, ix., 1867, p. 396. 

N.J. ©. Miller, Ui ‘iter die Diffusion der ateosphiirischer 

Gave in der Pflanze und dic Gusauscheidung unter Beloucht- 
i, 1867, 478 5 
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ENGELMANN'S RESEARCHES, 815 


tiveness? of certain bacteria to the presence of free oxygen. By 
an ingenious device, simple in its application, it is possible to 
determine the parts of the spectrum in which an assimilating cell 
or filament gives off oxygen most copiously. Under the stage 
of the microscope is placed a microspectroscope, which throws 
a clear spectrum upon any object on the glass slide in its place 
on the stage, for instance a filament of an alga. The alga is 
placed upon the slide in water which contains numbers of the 
common Bacterium (B.Termo), easily procured from putrescent 
matters. If it is kept from the light, or is exposed to only very 
faint light, all assimilative activity is suspended, and the bacteria 
after atime are quiescent. But when light in sufficient amount 
4g permitted to pass through the specimen, assimilative activity is 
at once manifested, and the evolution of oxygen from the filament 
brings: the bacteria into rapid movement. If, instead of white 
light, the rays from the spectroscope are passed through the 
specimen, the activity of the bacteria is equally manifest, bat it 
is confined to a comparatively small part of the spectram ; the 
bacteria collecting chiefly at the points which are known to coin- 
cide with the absorption-bands of chlorophyll? When a some- 
what thick cell is employed, there is a noticeable difference 
between the amount of activity on its upper and under side, 
‘The figures show the ratio of activity of assimilation between 
the under side first exposed, and the upper side which receives 
light that has first passed through a green film. 


Be, D. EB Eb yy Fe 
Tower. « « . 100 48.5 si. uM. 385 10, 
Uppe . . 2. 365 Me 100. 52. 22. 12. 


It is to be noted that Engelmann did not in any case find any 
assimilation in uncolored chlorophyll, even when the light was 
tempered by the interposition of wcolored medium (compare 850)! 
He has proved that assimilation proper takes place only in 





4 According to Engelmann, the sensitiveness of bacteria is so great that by 
their reaction the trillionth part of a milligram of oxygen can be 
(Botanische Zeitung, 1853, p. 4), Clerk Maxwell's estimate of the weight of 
& molecale of oxygen was one thirteen trillionth of a snilligram (Philosophical 

8 obs aber these determinations of the point of 

It is interesting to compare it of greatest 
assimilative efficiency in the spectrum with the results of Langley’s researches 
‘upon the distribation of energy in the spectram (American Journal of Science, 
‘xxV., 1883, p. 169). 

Botanische Zeitung, 1882, p. 419; 1883, p. 17. 
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RELATIONS OF CARBONIO ACID TO ASSIMILATION. 319 


841. The amount of carbonic acid most favorable to assimilation, 
‘The results of the most exhaustive study of the amount of car- 
bonie acid most favorable to assimilation have been given by 
their recorder as follows :— 

(1) Increase in the amount of carbonic acid in the air, up to 
a certain limit (the optimum), favors the evolution of oxygen 
hy plants ; beyond this it is more or less 

(2) The optimum of carbonic acid is different for different 
plants: for Glyceria spectabilis on clear days it is between 8 
and 10 per cent; for Typha latifolia, between 5 and 7 per cent; 
for Oleander, somewhat less. 

(3) Any given increase in the amount of carbonic acid below 
the optimum favors the evolution of oxygen far more than a 
similar increase above the optimum hinders it. 

(4) The stronger the intensity of the light the more the evola- 
tion of oxygen is favored by increase in the amount of carbonic 
acid ap to the optimum; and when this limit is passed the 
evolution is checked so much the less. 

(5) From (4) it follows that the influence of the intensity of 
the light on the evolution of oxygen is greater in proportion to 
the amount of carbonic acid in the air. 

S42. Ratio of the oxygen evolved by plants to the carbonic acid 
decomposed, The volume of oxygen evolved by plants during 
assimilation proper is very nearly that of the carbonic acid 


Numervas experiments by Boussinganlt exhibit this relation 
in a very striking manner. In forty-one experiments the volume 
of carbonic acid was to that of the oxygen set free as 100; 98.7. 








+ Saussure (Recherehes chi Ja végétation, 
raprds the fest indins thao rivets ths conchae 


expertm 
An atmosphere containing » kuown quantity of carbonic acid gas The plants 
were exposed to sunlight from five to cleron o'clock in the morting for six 





sn eR, att 
Nitrogen. 2... 4199 cubic cent. . . 4333 eubie cent. 
Oxygen. . 600 ean, 200K 
Carbonio acid 4310“ i 0 «se 
‘Total volume - 7 oe 


‘Saussure's conclusion ts that plants, in decomposing oarbonie acid, neximi- 
Jate a part of the oxygen gas thowin contained, and, further, that the amount 
of Sagas urpt eas 8 Sent ln Who eant a. Cy 
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THE FIRST VISIBLE PRODUCT. B21 


is apparent at a glance. The raw materials, the apparatus, 
and the ultimate products of manufacture are known; but the 
intermediate processes by which chlorophyll granules under the 
influence of certain rays of light can cause the dissociation of 
carbon from the oxygen with which it is combined in carbonic 
acid, and bring about the synthesis of an organic substance from 
materials wholly inorganic, are not at present known. 

845. The wide field which the synthesis of organic from inor- 
ganic matter opens to conjecture bas not been left unoccupied. 
It is generally admitted that in assimilation there is first formed 
some ferrary substance, namely, one which contains the three 
elements, carbon, hydrogen, and oxygen; and further, that 
this contains less oxygen than the two inorganic matters, var- 
bonic acid and water, from which it is produced, taken to- 
gether. Exactly what the ternary substance is, or how the 
dissociation or reduction is carried on in the chlorophyll granule, 
is still left in doubt. 

846. Starch (C,H,,0,) is the first visible product of assimila- 
tion, as was first pointed out by Suchs in 1862.) Although 
Sachs appears to have held at one time that it is the first pro- 
duct, his later expressions are more guarded, and simply state 
the fact universally admitted, namely, that starch is the first 
product which the microscope can detect. When a seedling has 
been kept for a time in a dimly lighted room, its cotyledons and 
other leaves grow pale or etiolated, and if they are examined 
for starch, no trace of it will be found. But upon a very short 
exposure of the plant to the direct rays of the sun, provided the 
other conditions are favorable, a certain amount of starch will 
appear in the chlorophyll granules of the cells at the margin of 
the leaves. If the plant is again withdrawn from the light, its 
scanty store of starch is speedily consumed, but on renewed in- 
solation the loss is made good; this process ean be 
many times. From the constant appearance of starch in the 
chlorophyll granules under the above circumstances it has been 
generally recognized as the first visible product of assimilation 
proper. Bat it has obviously such a complex molecular strac- 
ture that chemists are unwilling to believe that its formation in 
the plant is not preceded by the production of some simpler 
substance. Furthermore, there are a few cases in which oil 
replaces starch as the first visible product, thus indicating that 
there may be some earlier product possibly common to both, 


1 Botanische Zeitung, 1862; Flora, 1862, 
21 
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BARLY HISTORY. 323 


any active cells containing chlorophyll granules are subjected 
to conditions favorable to assimilation, bypocblorin is formed 
in considerable amount; but when the conditions for assimi- 
lation are not present, only traces of it are produced. Prings- 
heim osed an entirely novel method of experimenting ; namely, 
that of subjecting the chlorophyll granules to the action of 
intense from which the heat rays had been extracted as 
perfectly as possible; and onder these conditions he failed to 
detect any hypochlorin, but observed a marked increase in the 
amount of CO, given off as in ordinary respiration (see Chapter 
XI.). Hence he arrived at the conclusion that assimilation 
proper is the characteristic office of chlorophyll granules solely 
account of their pigment, which tempers the light reaching 
them. According to him, the pigment, by its absorption of the 
so-called chemical rays, serves as a regulatory screen gov- 
erning the amount of light, and so controlling the amount of 
respiration and assimilation proper. 

851. Outline of the early history of assimilation, ‘The follow- 
ing extracts from the works of early experimenters upon the 
relations of green leaves to the atmosphere show the manner in 
which the problem of assimilation was first attacked. 

852. Priestley * discovered in 1771* that air in which candles 
can no longer burn, and which is irrespirable, can be restored to 
its original condition by the presence in it, for s time, of vig- 
orous plants. The account below is given in his own words: 

“ Finding that candles would burn very well in air in which plants 
had grown a long time, and having had some reason to think, that 
there was something attending vegetation which restored air that had 
Baas Tijurea be nieplintios, { Uisagh it was possible that the same 
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324 ASSIMILATION, 
I also restore the air that had been i 
| sel ae injured by the burning 


* Accordingly on the 17th of August, 1771, I puta sprig of mint into 
a of air, in which a wax candle had burned out, and found 
on the 27th of the same month, another candle burned perfectly 
well in it. This experiment I repeated, without the least variation 
Sho evens, not Ieee thant eighb or ‘ten “times tu’ the’ remainder ot 
summer. | 


had burned out, into two parts, and putting the plant into one of them, 
vessel 


erally found that five or six days were sufficient to restore this air, when 
peciray baled its vigour; whereas I have kept this kind of air in glass 

vessels immersed in water many months without being able to perceive 
that the least alteration had been made in it.” 


853, Ingenhousz in 1779 showed that light is necessary to 
assimilation. He proved experimentally that the purification 
of sir does not go on in darkness, but that light is essential, 
His statements are here given: — 

“ Plants not only have a faculty to correct bad air in six or ten 
by growing in it, as the experiments of Dr. Priestley indicate, but they 
perform this important office in a complete manner in a few hours, 
‘This wonderful operation is bi Rell leere tly Hib be 
the plant, but to the influence of the light of the sun upon the plant, 
« +» This operation of plants diminishes towards the close of the day, 

a 


af age atptiary ae by the leaves and the gree: 
support them. shorn; Hrsbonte ond eveel Wie vicas Coeecan 
perform this office in common with the mildest and the most salutary.” * 


2 Priestley thought that this effect upon the air is due to the growth of the 
plant, an ides which will be shown in Chapter XIL to be wholly erroneous, On 
pages 50 and 52 of the volume quoted above are the following statements : 
“Ono might have imagined that since common air is nocessary to vegetable, as 
well as to animal life, both plants and animals hed affected it in the same man- 
al ROT cn Mecca sxpetation wes 5 Bek ooh 5 Seri oe ales eas 
glass jar standing inverted in a vessel of water; but when it had continued 
growing there for some months I found that the air would neither extinguish a 
eae me oe Niel me Seen ek eee == 
restoration of the air, I found, depended upon the wegetating state of the plant ; 
fox though Tikit u grok stunlbor of th Seah lervon af ahGnl bt mesa Ape 
Pee pt 
a no state ” 
7, bse chpiopih- niet nedccrantanbtes peasy 
the Common Air in the Sun-shine, 1779, p. xxxiii, 
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VILLE’S EXPERIMENTS. 829 


to the ammonia in the atmosphere, and also to organic matters 
in small amount which may have entered the ease in the form of 
very fine dust; but, taking into consideration all the conditions 
of the experiment, he was not inclined to the belief that any 

had been received by the plants from the free nitrogen 
of the 

868. In 1855 and 1858 the same chemist experimented upon 
certain plants which were supplied with a known amount of com- 
bined nitrogen in some available form. The results of his ex- 
periments have been formulated as follows: (1) There was no 
appropriation of free nitrogen; (2) There was a slight loss of 
the nitrogen which had been supplied to the plant; (3) The 
amount of assimilation of carbon bore a close relation to the 
amount of nitrogen taken up by the plant. 

869. From 1849 to 1854 Georges Ville, of Paris, conducted 
experiments which were interpreted as showing that plants can 
take from the nitrogen of the atmosphere a certain part of that 
which they require. In the autumn of 1854 he carried on a 
series of researches at the Jardin des Plantes, under the super- 
vision of a committee appointed by the French Academy. To- 
wards the close of the work an element of error crept into it 
which not then be eliminated; bat as to the result of 
the investigation the committee reported,'— that the experi- 
met 
is 


consistent with the conclusions which he has drawn from 
‘his previous labors, 
870. In 1861 Lawes, Gilbert, and Pugh,* of England, pub- 


i 


41 Tho report by Chevroul will be found in Comptes Rendus, xii. p. 757, 
Results so directly in conflict as those of the two experimenters referred to in 


series of investigations was carried on at Kothamsted, 
streets a luded from his experiments ee 
CM cone! ex ‘that plants do not appro- 
Leste het ptt laura : 
interpreted results of his own experiments as showing that free 
nitrogen disolved in water can be taken up by plants. = 
Luca (1866) suggested that the air surroanding plants may be ozonized, and 
thus the nitrogen in it converted into nitric acid and made available for the 


ite 

Harting (1855) concluded that the free nitrogen of the air is not proved 
serve directly for tho nutrition of the plant, . 
ees 1861, p. 431. For an excellent description 
Cou depiatand may obantt Teaneone "ae Ootpa Rocket oo = 
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AVAILABLE NITROGEN IN THE SOIL. 333. 


875. Available nitrogen in the soil. When animal matters rich 
in nitrogen undergo rapid putrefaction,’ they give rise to numer- 
ous compounds, prominent among which are those of ammonia. 
Under certain conditions, notably the presence (1) of free oxy- 
gen in large amount, or (2) of an alkali, or an alkaline carbonate, 
such animal matters are also slowly broken up, and nitrates are 
formed. The process by which various compounds of nitrogen 
are converted into nitrates is termed nitrification.* 

876. Vegetable matters which contain nitrogenous substance 
in the usual amount may likewise undergo decomposition; but 
owing to the presence in such matters of a large proportion of 
carbohydrates, for instance the cellulose of the cell-walls, the 
process of decomposition is more complex than in animal matters 
and its products more diverse. Some of the products are proba- 
bly identical with those formed from the decomposition of albu- 
minous matters of animal origin; namely, ammonia,* or ammonia 
compounds, and nitrates; but the larger number of them are 
compounds which are nearly or quite insoluble and bave been 
thought to be inert. Bat experiments have shown that under 
certain conditions these less available compounds of nitrogen 


3 Fora discussion of the various phases and conditions of decomposition the 
student is referred to the third volume of this series, in which tho different 
fortas of fermentation and putrefaction are to be treated. It is enough now to 
note that thes: processes are essentially due to the presence and activity of 
minute orgunisms, — the lowest fungi. 

* The student will find in Johnson's ‘How Crops Feed,” p. 289, an ex+ 
cellent account of this most important topic. He is referred also to Bonssin- 
ault’s * Agronomie,” 1860, and various articles in Versuchs-Stationen. 

eter ee nthon balk Urssttbioe etnias eon ire ee 
determined by Boussingnult (Agronomie, ii., 1861, pp. 14, 18), The reduc 
tions to pounds per acre are from Johnson's “How Crops Feed," p. 276. 


per cent. | tbe per acre. | per cent. | Ibs. per acre, 
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SYNTHESIS OF ALBUMINOUS MATTERS $35 


of a certain amount of available calcic phosphate together with 
a salt of potassa and some available nitrogenous matter.* 

Tt has been shown (p. 248) that some plants require more of 
one kind of food than others; and hence the attempt has been 
often made to prepare exactly the special fertilizer which a given 
crop may require. 

879. Nitrie acid and the nitrates. Experiments with water- 
culture have shown that plants can derive all the combined nitro- 
gen needed for their growth from nitric acid and the nitrates, 
thd has also been clearly shown that there are striking differ- 
ences in the capacity which plants possess for appropriating 
nitrogen from these compounds, Even in the common agrical- 
tural plants there are some differences in this respect. 

880. A large namber of nitrogen compounds, such as as- 
paragin, urea, albumin, ete., have been employed in experiments 
upon plants, but most of the results possess little interest. It 
may be said, in general, that the so-called alkaloids (which con- 
tain nitrogen) cannot be utilized even by the very plants from 
which they were made,? 

881. Synthesis of albuminous matters in the plant. A distino- 
tion is made between the newly formed or first-formed albumi- 
nous substances in the plant and those which have undergone 
chemical changes in the organism, as for instance the changes 
in germination. Two views have been held respecting the place 
where the formation of the new protein matters occurs in the 


4 ‘The following analyses, taken from the Report of the Connecticut Agri- 
cultural Experiment Station for 1883, indicate the composition of a few such 
substances :— 





© For a short account of the bibliography of this subject the student sbould 
consult Pfeffer's Ptlanzonphysiologic, i,, 1881, p. 242. 





APPROPRIATION OF ORGANIC MATTERS, 337 


by @ process of reduction the sulphur is set free to unite with the 
albuminous matters already described. 

The abundant occurrence, in conducting tissues of stems and 
petioles, of calcic oxalate resulting from the changes described has 
been held to indicate the probable seat of albuminous synthesis.” 

885. The general statements which have now been made re- 

the appropriation of carbon, nitrogen, and sulphur hold 
good for all ordinary land and water plants. There are a few 
plants, however, concerning which they must be somewhat modi- 
fied, and these are here for convenience treated of together; 
as humus-plants, parasites, insectivorous plants, and epiphytes. 
It must be remembered that in all these apparently exceptional 
cases the mechanism of nutrition is not radically different from 
that which other plants possess at some period of their lives 
or in some slight degree. 


APPROPRIATION OF ORGANIC MATTERS. 


886. Humns-plants,’ or Saprophytes. Among the higher plants 
there are some (for example, Epipogium *) which derive all their 


follows : — 

“Woody fibre in a state of decay is the substance called Awmus. .. . 
‘Hamus sets in the same munner in « soil permeable to air aa the air itself; it 
is a continued source of carbonic acid, which it emita very slowly. An atmos- 
phere of carbonic acid, formed at the expense of the oxygen of the air, sur 
rounds every particle of decaying humus. ‘The cultivation of land by tilling 


first and most important food for the plants whieh grow in it. . . . The 
perform the functions of the leaves from the first moment of their forma- 


plants by being assimilated in its unaltered by a slow 

apd lasting source of carbonic acid, which is absorbed by the roots” (Chem- 

istry in its Application to Agriculture, American 1843, pp. 65 et 209). 
Tt has been shown by 
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‘The structure and office of the prehensile and digestive appara- 
tus are now to be illustrated by the following examples :— 
889. Drosera rotundifelia, or round-leaved sundew, grows 
abundantly in northern peat-bogs and in sand mixed with vege- 
table mould, both in the Old World and the New. The plant 
has a few (4 to 12) leaves, arranged in o flat tuft at the base of 
the flower-stalk, and narrowed at their bases into hairy petioles. 
The most striking character of the leaves is the thick clothing 
of peculiar hairs, otherwise known as tentacles or glands, from 
the tip of each of which exudes a drop of a clear viscid 
liquid. ‘These hairs are complicated 
in structure. They contain all the 
histological elements proper to the 
leaf itself; for this reason it has been 
thought by some that they should be 
regarded as processes from the leaf 
rather than as hairs. The marginal 
tentacles are long, have purple stalks, 
and are terminated by elongated pur- 
ple glands ; those towards the middle 
of the leaf are shorter, have greenish 
stalks and ovoid glands. Each gland 
consists of a double layer of polygo- 
nal cells which surround a central 
body composed of elongated cells =| 
and a few tracheids. The proto- 
plasmic lining of all the cells is transparent and thin, and the 
cavity is filled with an homogeneous purple fluid. The tra- 
cheids pass by insensible gradations into minute spiral ducts. 
890. The mode of action in Drosera is as follows: When 
a small object is placed on the middle glands, « sluggish move- 
ment is soon detected in the marginal tentacles. If the object 
is a fragment of animal matter, the motor impulse is commu- 
nicated rapidly, and the marginal tentacles curve sharply over 
upon the fragment, bringing the glands in contact with it. The 
blade of the leaf also sometimes becomes curved, forming 2 shal- 
low cup. Inorganic and such organic matters as are not acted 
on by the secretion from the glands act more slowly in causing 
morement of the tentacles than do soluble organic substances, 
and no movement follows unless the object rests upon the 
glands themselves, not merely on the secretion which covers 








Fro. 1. Drosera rotundifolia, View of leaf from abere (Darwin) 
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The aggregation is caused by various nitrogenous organic 
fluids and salts of ammonia; the most efficient agent for its pro- 
duction being ammonie carbonate, .000482 milligram (;z;4y9 of 
a grain) being enough to cause aggregation in all the cells of a 
tentacle. These figures show the extreme sensitiveness of the 
tentacles and glands to slight external impressions. 

891. “If the glands are excited cither by the absorption of 
nitrogenous matter or by mechanical irritation, their secretion 
increases in quantity and becomes acid.” That it contains an 
unorganized ferment admits of no question. ‘The secretion after 
excitation possesses the power of dissolving the albuminoids sub- 
stantially as the gastric juice of animals docs, When an insect 
alights upon the leaf of Drosera, its violent struggles to escape 
only wind more closely abont it the threads of viscid matter 
from the glands. Soon the tentacles close around it, and the 
increased secretion of the digestive fluid brings about a trae 
i of the nitrogenous matter. 

892. That the digested matters can be absorbed. appears from 
numerous experiments, In these, after the peneesrinee of 


albuminons matters impregnated with a salt of lithium, it was 
tant gaming ya ciety! the plant. 
Parts of the leaves remote from the seat of of sini 
dried, calcined, moistened with hydrochloric acid, and placed in 


the colorless flame of a Bunsen burner, gave the characteristic 
lithium line. 

893. Does the plant gain any advantage by this absorption 
of organic matter? Francis Darwin's’ experiments upon this 
subject may be briefly stated as follows : — 

‘Two sets of thrifty plants of Drosera were cultivated under 
the same conditions, with the single exception of a provision of 
animal food to the leaves of one set. At the conclusion of an 
experiment extending through three months, the ratios between 
the unfed and the fed plants were as follows :— 


Weight of plants, exclusive of flower-stems 2. 





Average weight per seed Sink ele e 
‘Total ealenlated ruraber of etods produced eee + 1002 M16 
Total calculated weight ofseeds. . . . . + + « 100 > 370.7 


1 Journal of the Linnean Society, xvil., 1880, p, 17. 


* Two hundred plants of Drowra rotundifolia were transplanted in June and 
cultivated in soup-plates filled with moss during the rest of the summer, Each 


y ite 
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fringed with stiff bristles so placed as to interlock when the trap 
is shut. The upper face of cach half is somewhat convex when 
the trap is open, and upon it there are three delicate hairs which 
are exceedingly sensitive, Supposing the plant te be in health 
and under favorable conditions, the lightest touch upon one of 
the hairs upon the face of the trap will cause the valves to close 
instantly, bringing their edges in apposition. A light touch in 
the median line, that is, at the hinge, will produce the same 
effect. The sensitive hairs each consist of several rows of elon- 
gated cells so arranged as to form 4 conical filament resting on 
a constricted base and attached by an articulation to a rounded 
group of cells. This structure enables the hairs to bend when 
the trap is shut. 

896. The digestive apparatus consists of minute reddish 
short-stalked glands made up of a few polyhedral cells. These 
do not secrete any fluid unless excited by the presence of food- 
materials, when they secrete copiously a colorless, glairy, acid 
liquid, containing an unorganized ferment similar to that produced. 
by the stomach of animals, if not identical with it. Scattered 
among the secretory glands are numerous compound hairs formed 
of eight divergent cells, which are generally orange or brown 
in color. 


897. From experiments by Darwin and others it is clear that 
dry albuminous solids do not excite the action of the glands, but 
if moistened very slightly, they call the glands into activity. 
Moreover, if the bit of meat or other albaminous matter be 
placed on the valves in such a way as not to spring the trap, the 
valves will soon slowly close without further touch. 
tion takes place in the cells of the glands in much the same way 
ag in Drosera. 

898. When a small insect is caught by the springing of the 
trap, it can escape after a time through the spaces left between 
the bristles at the border; but if the insect is of moderate size, 
its escape is impossible: the valves shut down more and more 
tightly upon it, and digestion soon begins. 

899. The opening of the valves after digestion takes place in 
different times according to the vigor of the plant and nature 
of the prey. After a mere touch by which the trap is sprang 
without anything in it, the valves will again open of themselves 
in a day or even less. When the trap is closed by a bit of meat, 
the valves open in from three or four days to rather more than 
a week ; when it closes over a large insect, they remain shut for 
a much longer time, even for a month. 
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have been shown to be sensitive, and on touching them the 
valves close. By this plant minute water-insects and crusta~ 
ceans are captured (see Fig. 190). 

Drosophyllum, a rare plant found in Portugal, catches insects 
by a viscid secretion from minute mushroom-shaped glands. 
The tentacles do not have the power of movement possessed 
by those of Drosera. That its glands can secrete a digestive 
fluid appears from Mr. Darwin's experiments. 

Roridula, found at the Cape of Good Hope, and Byblis, of 
western Australia, closely resemble the viscid-haired D; 
which have been examined in a fresh state, and they have been 
added to the list of the insect-catching plants of the order. 

904. Pinguleula is so called from the greasy appearance pre- 
pes satlietin Sppvec: ncetica 100 is eal oe Ws oe laced 
great numbers of dise-like glandular hairs with short stalks, 
‘The glandular character of the hairs is shown by the secretion 
which exudes from them even when they are not irritated. 

905. ‘The secretion which flows when the leaves of Pinguicala 
are not excited by the presence of albuminous matter is neutral ; 


alights 
begins to roll over it and envelop it, in the 

manner shown by the accompanying figure. 

The following experiment by Darwin shows 

what takes place in this incurving: “A young 

and almost upright leaf was selected with its 

two lateral edges equally and very slightly in- 

curved. A row of small flies was placed along 

one margin. When looked at next day, after 

fifteen hours, this margin but not the other was 

found folded inwards, like the helix of the homan 

ear, to the breadth of one tenth of an inch, so 1st 
a8 to lic partly over the row of flies. The 

glands on which the flies rested, as well as those on the over- 


‘Fro, 187. Pinguloula valgaria, eS ot 
‘ow of small dies. (Darwin.) + 


a 4. 
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912. Sarracenia, All of the eight species of this genus have 
hollowed phyllodia, which form slender pitchers or urns. In the 
best-known species, S. purpurea,’ the 
urn is generally so held that rain can 
fall directly into it; in fact, the upright 
foliar expansion would seem to insure 
that none be lost. In 8. flava, Drum- 
mondii, and rubra, the pitchers are 
more nearly vertical, and the lid at the 
mouth of the tube so disposed when 
the leaf is young as to 
shed for the most part 
rain that falls thereon ; 
but in the older leaves 
the lid becomes some- 
what erect. Even in 
the latter position a por- 
tion of the rain that falls 
upon the leaves is car- 
ried off. In the re- 
maining species, S. variolaris and psittacina, the 
lid is a roof which keeps 
the rain from entering the 
tube. Inall the cases there 
is usually considerable water 
in the pitchers; in the last 
two species it probably all 
comes from within as a se- 
cretion. 

913. Sarracenia variolaris 
has been long known to at- 
tract insects to the leaves, 
Passing over the earlier no- 
tices referred to in the Bib- 
Tiography, page 351, the 
following quotation from 
MacBride,* written in 1815, will indicate sufficiently the char- 
acter of the attraction: — 





10 





1 Schimper: Botanisch= Zeitung, 1889, p, 225. 
+ Transactions of the Linnean Society, xii, 1914, p, 48. 
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349 
916. The exact nature of the liquid in the pitchers is not fully 
understood. Mellichamp’s observations seem to indicate that 
it has the power of accelerating the decomposition of animal 
matter, Nothing is yet known positively as to the 

which the products of decomposition are utilized by tho 

if, indeed, they are at all serviceable to it2 

917. Darlingtonia has been examined 
by Canby, who finds strong indications 
that it allures insects much as the Sarra- 
cenias do. 

918. Nepenthes. This striking plant has 
long been a favor- 
ite in the green- 
house on account 
of its peculiar 
leaves, which often combine 
a blade, « tendril, and a well- 
formed ur. ‘The species of 
Nepenthes (about thirty in 
number) prodace pitchers at 
the extremity of their tendril- 
like leaves. When the plants 
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which they incorporate come to them in the form of dust, which 
subsequently dissolves and is absorbed. The sources of their 
carbon and nitrogen have already been sufficiently explained. 





1875. Darwin: * Insectivorous Plants.” A work of 462 pages, more than 
half of which is devoted to Drosera. At the close of his exhaustive discussion 
of his experiments upon this plant, Mr. Darwin says: eh Ne 2 Be 


1875. Roess and Will : ““Einige Bemerkungen titer feischawende Pflan- 
zen " (Botanische p- 713). 
1875. Canby: “ Californica" (Proceedings American Asso- 


64). 
1875. Cohn: ‘‘Ucher dic Function der Blasen von Aldrovanda und 


1875-4, Gorap-Besanez regarding 
ee ee itzunguberichte der physikalisch- 


1876. Francis Darwin = ‘The process of aggregation in tho tentacles of 
Drosera rotundifolia"’ (Quarterly Journal of Microscopical Science, xvi. 


aiden Te Vee: “On the digestive ferment of Nopenthes” 
pins eae hg hi ie ae Bee 
1876. Faivre: ‘Recherches sur ba structure, le mode de formation, et 


Cramer : “ Ueber die inscotenfressenden Pflanzen.” 

1877, Aschman: ‘* Les plantes insectivores,” Luxemburg. 
1877, Pfeffor; “ Ueber fleischfressende Pflanzen und tiber die Ernihrung 
dorch Anfnabme organischer Stoffe tiberhaupt” (Landwirthech, Jahrb. ¥. 
Neskeion,p 900). An excellent account of the mechanism and absorptive 


Zeitang, xl. p. 

Preach ieee published, in which the remarkable proper- 
ties of & few bumblo plants have been exaggerated into accounts of man- 
catching and man-eating trees of lange size. 
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the construction of new parts. The changes by which these 
processes are performed take place in the protoplasm which 
receives and in some way disposes of the newly formed food. 

926, Sapply of energy for work. This is furnished by the 
process of oxidation. It will be remembered that the inorganic 
materials concerned in the production of the food of the plant, 
namely, carbonic acid and water, are highly oxidized compounds. 
By assimilation part of the oxygen is liberated, and the or- 
ganic matter formed is some carbohydrate capable of oxidation. 
The reception of oxygen, the oxidation of the oxidizable matter, 
and the release of the products of oxidation by the plant are 
collectively termed respiration. 

927. Repair of waste. The living matter of plants, like the 
living matter of animals, being the scat of all the activities 
manifested by the organism, is constantly undergoing waste 
and demanding repair. The repair of waste is proper nutri- 
tion. 

928. The construetion of new parts. It has been shown (Chap- 
ter X.) that by the appropriation of nitrogen by the plant proteids 
are formed, and. these are in great part utilized in the produc- 
tion of new protoplasmic matter. So far as the latter is an 
actual increase in substance, and not a mere repair of waste, 
it represents true growth, The growth of any root, stem, or 
leaf consists in the formation of new cells and the increase 
of these in size, In this process the production of new cell- 
wall is of course the most conspicuous phenomenon. ‘The per- 
manent increase in size of the cell-walls of a plant disposes of a 
large part of the organic matter which is prepared by sssimila- 
tion, and this phase of growth is apt to divert attention from 
Fe ree elianncertier ie namely, growth of the protoplasm 


929. For convenience, the various chemical changes which 
go on within the plant may be divided into two groups ; namely, 
transmutation and complete oxidation. In the former, the or- 
ganic matter changes its properties in some way, either by 
the addition of new materials or by the reconstruction of its 
existing molecules, but, notwithstanding the change, still re- 
mains organic matter; while in the latter it is resolved into its 
original inorganic components. The change of one kind of food 
into another, the transformation of starch into cellulose, and the 
formation of proteids, are good examples of transmutation: the 
consumption of food for the release of energy, an example of 
complete oxidation. ‘The first of these groups of changes cor- 


i 
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The direction of transfer of the above compounds is towards 
the point of use, or of storing ; there is never any approach to a 
true circolation throughout the plant, corresponding, as was for- 
merly taught, to the circulation in animals. 

‘952, Classification of the principal organic products. For the 
present purpose these may be conveniently grouped into (1) 
those which are free from nitrogen, and (2) those which con- 
tain nitrogen. Some have been already treated of in carlier 
pages of this volume; of the rest, little more than a mere 
enumeration can here be given. 

933. Produets free from nitrogen. I. Carbohydrates. In general 
these are solid bodies many of which are soluble in water, They 
are conveniently divided into the cellulose group, having the 
empirical formula, C,H,,0,, and the sugars, — grape-sugar, fruit. 
sugar, and cane-sugar. 

Tue CELLULOSE Grocer comprises the following isomeric 
bodies :— 

934. Cellulose. This substance (see page 31) is regarded as a 
product of the direct transformation of starch or its equivalent. 
When once separated from the protoplasm as cell-wall, cellulose 
is not again dissolved save in the exceptional cases of germi- 
nation where it serves as a food. Sachs has shown that in 
the germination of the date, the pitted thickening masses of the 
cell-walls of the endosperm are dissolved and utilized by the 
embryo. 

935. Starch (see pages 47-50). The occurrence of this sub- 
stance in the chlorophyll granules under certain conditions has 
already been described, Its oceurrence in reservoirs of food, 
and the relation of this to the starch-generators, have been dis- 
cussed in 174. 

The following table gives some idea of the amount of starch 
found in the ordinary commercial sources ;— 


Soures, Amount of starch present. 
Grains of wheat. . 6 1 we ee G4 
Graimsofcom sw we ee ee 66 
Grains ofrice. 2. we 76 
Rotshe tubers 7. St ee ele is-29"  ** 





When starch is to be transferred from the places where it is 
hekl in reserve to the points where it is to be consumed, it is 
converted into a form of sugar by some one or more of the 
unorganized ferments occurring in plants. Although the sugar 
thus formed passes at once into solution, it is a curious fact 


a 
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The oils form very intimate mixtures with the albuminoids in 
many cases, especially in seeds of such plants as Ricinus, ete. 
According to Sachs, ‘in the germination of all oily seeds, sugar 
and starch are produced in the parenchyma of every growing 
part, disappearing from them only when the growth of the masses 
of tissue concerned bas been completed. Since, in the case of 
Ricinus, the endosperm grows also independently, starch and 
sugar are, in accordance with the general rule, temporarily pro- 
duced in it. The cotyledons apparently absorb the oil as sueh 
out of the endosperm, whence it is distributed into the paren- 
‘chyma of the hypocotyledonary stem and of the root, serving 
in the growing tissnes as material for the formation of starch and 
sugar, which on their part are only precursors in the production 
of cellulose. In these processes tannin is also formed, which is 
of no further use, but remains in isolated cells, where it collects 
apparently unchanged until germination is completed. Tt can 

pe doubted dogs the nactarigh ox the fermmation-of dite 
tannin is also derived from the endosperm, although perhaps only 
after a series of metamorphoses. ‘The absorption of oxygen, 
which is an essential accompaniment of every process of growth 
and especially of germination, has in this case, as in that of all 
oily seeds, an additional significance, inasmuch as the formation 
of carbohydrates at the expense of the oil involves the appro- 
priation of oxygen.” * 
Vegetable wax is closely allied to the fats. 


buds, in unripo fruits, and in those petals which become red or 
blue, dissolved in the cell-sap and diffusing through cell-walls. 
Tannin sometimes exists in little globules of solution, enveloped 
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bt of protection. ‘To their presence is due the fragrance of tuany 
fruits and flowers, notably those of orange, bergamot, and the 
mints. Associated with the ethereal oils, the camphors occupy « 
prominent place. ‘They are generally regarded as the products 
of the slight oxidation of some ethereal oils. The following is 
the best known, C,,H,O (Laurel-camphor), 

956. Products free from nitrogen. Vil. Resins and Balsams. 
These substances, which differ much in consistence, color, and 


Balaams aré definodl sa “ mixtares: of ‘résing ‘with volatile oll, 
the resins being produced from the oils by oxidation, so that a 
pee line Needy arse Ma A mill ness ag 
8 volatile oil and a perfect resin. 

The Balsams are generally divided into two groups: (1) those 
containing much cinnamic acid, as Balsam of Tolu, Peru, ete. ; 
and (2) those which are purely oleo-resinous, as Balsam Copaiba, 


Certain resins and caoutchouc-like matters are found in large 
amount in the latex. 

957. Produets containing nitrogen. ‘The albumin-like mat- 
ters. istuaisn Cloaii8Ge hs takckaser tah (ny cata ot 
plants ; gi op Lo (8) Gelatin of plants. 2 


the term applied to the protein mat- 

ters which readily coagulate from their aqueous solutions upon 
the action of heat or acids. The coagola dissolve more or less 
readily in potassic hydrate, exhibiting considerable differences 
in solubility. They contain from 2.6 to 4.6 per cent 
SEE padafaitee tioning ems — 

Carbon. . tote . Lp test te 

Hydrogen... oe AS 70 

‘Nitrogen . Sia Poe ina 16.49-17.60 

Bolphar) kh eg ’ 70-1. = 

ORR sii, a sg & toe 20,95-22.98 4 


Pte eg Me eM edt Vale GS 
min, glaten-casein, conglutin. Solutions of these are precipi- 
tated by dilate acids and by rennet. ‘The precipitates are readily 


4 Watts: Dictionary eer ee Fe 
aus son 
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example, the petioles of the cotyledons). That the source of the 
asparagin must be the reserve albuminous matters in the seed, 
appears from the following consideration : ** The absolute amount 
of nitrogen remains the same during germination, and the 
po eid paghanh bcd selon in their albumi- 
s ingredients."* Asparagin and the chief proteid of the 
Sasiu‘te kag inalstois plants ace Lesa va Gopal 





“*Asparagin contains less carbon and hydrogen but more 

oxygen than legumin and other proteids. Consequently if the 
whole of the nitrogen of legumin is used in the formation of 
asparagin, a considerable quantity of carbon and hydrogen must 
be given off and a certain amount of oxygen absorbed. Exactly 
the opposite will take place upon the conversion of asparagin 
into Had} 
961. Prodncts containing nitrogen. II. The alkaloids. These 
substances all possess the power of uniting with acids to form 
salts, and they are often described as basic alkaloids. Among 
the most important are Morphia, Quinia, and Strychnia. 

The number of alkaloids now known is very great, and the 
modes in which they are found combined in the plant are very 
diverse. They are more abundant in those plants which are 
grown under conditions of considerable warmth, and are much 
more abundant in some parts of the plant than in others, as is 
shown by the case of morphia. Nothing is positively known as 
to their origin or proper function in the organism. It should 
be mentioned, however, that many of them when applied to 
the very plants from which they were prepared prove to be 
poisonous ; thus, morphia poisons the poppy. 

962. Products containing nitrogen. IV, Unorganized ferments. 
It has long been known that there must exist in certain parts of 


1 Pfeller, in Sachs’s Toxt-Book, 1882, p.719. Fora fall account by Pfeifer, 


oe 's Jahrbicher, viil., 1872, p 429; anil Monatsbericht der Ber- 
Tin 1873, p. 780. See also Husemann and Hilyer: Die Pilauzen- 
stotfe, i, 1882, p. 264. 
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RESPIRATION. 


967. It has been long known that air is necessary for the 
germination of seeds.' In 1777 Scheele * pointed out that in this 
process, as in the breathing of animals, oxygen (called by him 
fire air) is consumed and carbonic acid (called by him air-acid) 
is given off. Two years later, Ingenhousz* showed that all 
plants at night give off fixed air (carbonic acid), and in 1804 
Saussure proved that all plants require oxygen for their growth. 
In 1838 Meyen * clearly defined the scope of respiration in plants, 
since which time it has been carefully examined in most of its 
telations. 

968. The relations of gases to plants, so far as their absorp- 
tion and elimination are concerned, have been sutticiently dis- 
cussed in Chapter X. It is merely necessary to state at present 
that oxygen is readily absorbed by all parts of plants, and that 
the intercellular passages (519) form a means by which it can 
traverse the whole plant very rapidly, 

969. In its simplest phases respiration consists in the absorp- 
tion of oxygen, the oxidation of oxidizable organic matters, and 
the evolution of the products 
of oxidation; namely, carbonic 
acid and water. Some other 
products are often formed in 
minute amount, but these may 
be here disregarded. 

970. Measurement of Res- 
piration, Respiration can be 
measured very nearly by the 
amount of oxygen which dis- 
appears or by the amount of 
carbonic acid which is given 


off, The ordinary apparatus 





sentially of some application of potash-bulbs, or wash-bottles (see 
Fig, 163), for the interception of all evolved carbonic acid. The 
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of pressure on the various fanctions, by which it appears that in 


q 
germinated, if-at all, very alowly. 
874. Influence of temperature upon respiration. Respiration 
can go on at low temperatures, even near the freezing-point of 
water, The'rate of respiration increases with rise of tempera- 
ture, as will be seen from the following figures for germinating 
7 





975. Influence of light upon respiration. It is not yet known 
positively whether light has any effect upon respiration. In 
some experiments there has been a slight increase,’ in others a 
diminution,’ in the rate, with increased illumination; but it is 
not certain whether all other factors were excluded. 

If the produced carbonic acid does not escape readily from the 
tissues, respiration goes on more slowly.* 

976. Periods of rest. Although all plants require oxygen for 
the performance of their normal functions, it by no means follows 
that when a plant is supplied with oxygen the normal activities 
will be necessarily exhibited. In the case of certain balbs, seeds, 
ete., even with the most favorable surroundings, there may be 
no signs of respiratory or other activity until after the lapse of 


1 Rischawi: Versuchs-Stationen, xix., 1876, p. 388. 
* Wolkoff and Mayer: Landwirthschaftliche Jahrblicher, 1874, Heft iv. ; 
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of some other gas.’ The following experiment will illustrate 
this : — 

If mass of active seedlings be placed in a current of some 
neutral gas, for instance nitrogen, the seedlings will continue to 
evolve carbonic acid, Since the amount of carbonic acid given 
off is greater than can be derived from the oxygen which might 
be fairly assumed to have been retained in the plants at the be- 
ginning of the experiment, the conclusion hay been drawn that 


process, which is like respiration in some particalars, differs from 
it in this respect; in ordinary respiration free oxygen enters into 


982. Wortmann? has proved that when seedlings of Vicia Faba 
are placed for short periods in an atmosphere free from oxygen, 
they give off the same amount of carbonic acid as they do when 
oxygen is furnished. Hence he was naturally led to believe that 


no direct part in the formation of the carbonic acid evolved. 
983. But, on the other hand, Wilson* has shown that most 

plants evolve much larger quantities of carbonic acid when free 

oxygen is provided, and that Vicia Faba forms a remarkable 


lar and normal respiration, this would only prove that the same 
The 


has been observed fn the case of some of the 







botanischen Inctitats, Wiirzburg, 1880, p. 500. 

Flors, 1882, and American Journal, xxiii., 1852, p. 423, Foran interesting 
account of the literature of intramolecular respiration sce Pilliger’s paper, men+ 
tioned above, upon the subject wer made even during the last 

m'sand Pfeffer's work 





CHAPTER XII. 
VEGETABLE GROWTH. 


988. As already shown, vegetable growth consists (1) in the 
formation of new cells, (2) in the increase in size of previously 
existing ones, or, (3) as is commonly the case, in both of these 
processes taking place simultaneously. In the production of 
new cells and in the augmentation of cells in size there are cer- 
tain chemical and physical phenomena which always accompany 
the morphological changes. 

989. The chemical changes are essentially those which have 
heen described under Transmutation and Respiration; available 
matters change their character in order to be utilized in the for- 
mation and increase in size of cells. The physical phenomena 
are chiefly those which accompany oxidation ; namely, the evola- 
tion of heat and the production of electrical disturbances. 

990, The materials used by the plant for the formation of new 
stroctures are produced by assimilation; and in annuals a large 
part of the assimilated matter is consumed in growth as soon 
as it is made. But, in perennials, especially in those which 
belong to climates where vegetation has periods of rest, a por- 
tion of the assimilated matter is stored up for future use. The 
rapidity of the growth from buds in the spring is due to the 
abundant supply of assimilated matters prepared during the pre- 

summer. 

991. Hence growth is not necessarily associated with increase 
in weight. In fact, in the growth of new parts from a bulb or 
tuber, although there is a marked increase of volume, there is, at 
first, an actual loss of dry substance through oxidation. More- 
over, one part may grow at the expense of another; and we may 
have under certain conditions the anomaly of an increase in 
volume of new organs, with simaltancous bat larger decrease in 
size of older parts, so that the result, as regards the whole, is 
diminution of weight. 

992. Morphological changes in the cells. The two processes 
involved in ordinary growth, namely, increase of cells in number 
and in size, may go on together. Bat growing cells belong to 
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CELL-DIVISION. 377 


separation is very slight. At the time of the formation of the 
cellulose film certain nuclear threads may stretch as far as the 
wall of the mother-cell ; but often they do not extend to it, and 
in this case the gap is filled out by a corresponding plate from 
the protoplasm. The cellulose film is produced almost simul- 
taneously it the whole extent of the mother-cell, which 
is eut into two guardian-cells, forming a stoma (Fig. 164, No. 
9) Although the process goes on without interruption, it may 
be divided into three phases; namely, (1) the arranging of the 
nucleolar bodies to form a disc in the middle plane of the nucleus ; 
(2) the splitting of the nuelear disc into two parts which pass 
over towards the poles, there becoming new nuclei, leaving faint 
meridional lines connecting them; (3) the thickening of these 
lines, and the appearance of granules at the equator, so as to 
form a plate which divides into halves. The cellulose film 
secreted between these halves sooner or later goes across the 
cell cavity, making a partition-wall between two new cells. 

The mother-cell from which guardian-cells are developed in 
the manner just described is itself produced in nearly the 
same manner from an epidermal cell. The latter contains a 
spherical nucleus having a diameter about two thirds that of 
the cell. It is not wholly filled with protoplasm, as is usually 
the case with cells capable of division, but has a very thick 
lining of protoplasm along the wall, and in this the nucleus 
is embedded. The nucleus extends completely across the cell- 
cavity, while above it and below it is cell-sap. If, now, the 
epidermal cell is to give rise to a new one, the nucleus passes 
over to one end of it and there divides into two parts, essentially 
as before described, except that the halves remain close together. 
Between these new nuclei the cell dise or plate, and the cellulose 
plate, are successively produced, cutting the old cell into anequal 
parts. 

999. The division of cells in cambium was examined by Stras- 
burger? in young shoots of Pinus sylvestris. which had completed 
their growth in length and had begun to thicken. These were 
selected on account of their rapid development. The cambiam 
cells of this pine have a lining of protoplasm, together with a 
nucleus which occupies the middle of the cell and completely 
fills the smaller diameter. The nuclens is nearly spherical, or 





4 Strasborger: Ueber und Zelitheilung, 1876, p 110. This 
account is somewhat but not different in the edition of 1850, 
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DEVELUPMENT OF POLLEN-GEAINS. 379 


1000, Development of pollen-grains. ‘This affords some of the 
most [nstructive examples of cell-division, and owing to the 
facility with which material can be procured and studied, bas 
received much attention, 

(1) Superficial phenomena. These, which can be easily 
traced without the employment of staining agents, are in brief 
as follows: At the period when the loculi of the anthers begin 
as minute elevations at the end of the stamen, the external 
layer of cells, which is to serve as epidermis, is underlaid by 











DIRECTION OF CELL-DIVISION, 881 


According to him, the planes of the walls at a point of growth 
may be thus classified :*— 





1 “The relations of the periclinal and anticlinal planes are illustrated by 
the following eases :— 

(@) If the outline (in longitudinal section) of the growing point is a para. 
ola, the periclinals will copstitate a system of confocal paraboles of differnt 

the focus of the aystem being at the point of intersection of two 
lines, of which one is the direction of the axis and the other of the parameter. 
In this case the anticlinals, being the orthogonal trajectories of the periclinals, 
constitute a system of confocal parabolas, the axis and foous of which coincide 
with those of the periclinals, 

(2) If the outline of the growing point is a hyperbola, the periclinals will 
be confocal hyperbolas, with the same axis but different parsmeter ; the anti- 
clinals will be confocal ellipses, with the same focus and axis os the periclinals. 

©) If the outline of the growing point is an ellipse, the periclinals will be 
confocal ellipses ; the anticlinals will be confocal hyyerbolas”* (Atstract from 


Fro. 167. Tradescantia Virginica. Process of cell<livieion In the stamen-haira. 


, with a nuclews in the lower coll, and in the wpper, ome which has Just fine 
abe tts ; 8, nucleus showing a conrse granular atructure with a tendency 
Ninear arrangement’ of the particles. The drawings from ¢ to £ inclusive exhlldt the 


different stages of cell-diriston at the following pointe of time: o, at 10 o'clock and 10 
malnisten; f, 1090; 6, 10.25; f, 10.30; g, 10.35, 
(Steusberger. 
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RECORDING AUXANOMETERS. 883 


1004, Measurement of growth. In some cases it is very easy 
two make direct measurements of the amount of increase in vol- 
ume; but in general it is necessary to employ some form of appa- 
ratus by which the amount can be more or leas exaggerated by 
a a 
Several forms of growth-measurers, or auxanomeéters, have 
been devised for attaining this end. The simplest consists of 
a fixed are of large radius (see Fig. 168), on which a delicate 
arm moves up or down according to the direction in which a 
small wheel at the centre, to which the arm is attached, is moved 
by the action of a thread fastened to the plant. Care muat be 
taken to balance the arm as perfectly as possible, in order to 
prevent any strain on the plant by the weight of the index, 

‘This form of apparatus is well adapted to demonstration before 
a class; and if a rapidly 
growing seedling or strong 
scape is chosen for experi- 
ment, the movement of the 
arm through the are in an 
hour will be sufficient to be 





revolving cylinder covered with smoked paper, upon which « 
seelle, attached to the end of a balanced thread passing over a 











RELATIONS TO TEMPERATURE. 385 


after a considerable time. During the period of inactivity the 
plant is ready to respond at once to the influence of oxygen, 
being then immediately resumed. 

1010. If assimilated matters and free oxygen, both essential 
to growth, are abundantly supplied to a plant which is kept at 
too low a temperature, growth does not oceur. ‘The minimum 
limit for growth is different for different plants, and is not the 
same for all organs. 

Again, it most be noted that there is a maximum limit of tem- 
peratare above which growth does not take place, and this limit 
is also different for different plants. Between the lower and 
upper limits there is, for the plants which have been thus far 
studied with respect to the effect of heat on growth, an optimum 
of temperature at which growth is most rapid. 

1011. Relations of growth to temperature. The minimum tem- 
perature required for growth is generally much higher for plants 
of warm regions than for plants of cold 
climates, and there are wide differences 
even among plants belonging to the same 
climate, A few of the earliest spring 
plants begin their growth at or very near 
the freezing-point of water: it is thought 
by some observers that growth may, in 
a few cases, take place even below this 
point. Kjellmann states that the ma- 
rine algw at Spitzbergen continue to de- 
velop their thallus daring the polar night 
of three months, and that most of them 
during this time produce their spores, 
the temperature of the sea-water being 
on the average one degree below zero, 

igrade.* 

But, on the other hand, many of the me 
tropical plants? caltivated in hot-houses 
cease growing when the temperature falls below 10° or 15° C. 

1012. The maximum temperature for growth is as wide in its 
range for different plants as the minimum. Aside from the 





? Comptes Rendas, Ixxx., 1875, p. 474 See also Falkenberg: Die Algen 
im weitesten Sinne, in Schunk’s Botanik, 1882. 

¥ Sco Da Candollo : Physiologie vigétale, 1832. 

FAG. 170, Double-walled metallic box for keeping microscopic objects al a given 


temperature while under observation. (Sachs) 
» 








388 VEGETABLE GROWTH. 


materials for its growth; bot if an adequate amount of assimilated 
substance has been stored up, growth can go on in the dark until 
this store is exhausted. It is, in fact, in the dark that nearly 
all vegetable growth takes place. It is well known that all the 
points of growth in the ordinary higher plants are more or less 
protected from the action of light. Thus, the growing tissues of 
buds are concealed beneath external structures; so also is the 
cambium by which dicotyledons increase in thickness. 

1016. When, however, a shoot develops in darkness it is apt 
to become much more attenuated than when it develops in light ; 
its leaves are etiolated, and of abnormal shape and diminished 
size. Such shoots are said to be ‘* drawn.” 

1017. There is considerable difference in the degree to which 
different parts of plants are affected by the withdrawal of light, 
and there are also differences in this respect between different 
species. The effect of darkness upon shoots is well shown by 
the simple experiment 
of conducting a branch 
of some strong plant 
like Tropwolum or a 
gourd into a dark box, 
all its other leaves be- 
ing kept in the light, 
The effects are more 
striking when the shoot 
is a flowering one; 
the internodes will be- 
come much drawn, the 
Teaves will be small 
and blanched, the calyx. 
will be pale, but the 
rest of the flower will 
be hardly affected 
either in shape or size. 
It sometimes happens, 
however, that the flow- 
ers will be abnormal. 

1018. The relations of growth to oxygen. All growth is accom- 
panied hy the oxidation of assimilated substance, or food. Can 
growth be stimulated by furnishing to the plant a larger amount 
of oxygen than it would obtain under natural conditions? This 








Fro. 172, Growth of gourd in light and darkness, (Sachs) 
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CHANGES IN THE RATE OF GROWTH. 389 


question is not yet positively answered by any experiments. It 
has been shown that some plants grow, for a time at least, more 


rapidly under a diminished pressure. 
‘The *‘ resting” state of some plants cannot be shortened by 
any increase in the amount of oxygen furnished ; it is only after 


growth is not quite aniform in its rate. gaa extending 
internode grows in length at first slowly, then with gradually 


compressed to some degree by the confining wall; the action 


increase in the amount of water must augment it, 

1021. These features have been recently re-examined by De 
Vries, who has suggested n quantitative method for determining 
the amount of turgidity at any given time. The method, when 
reduced to its simplest terms, consists in the nse of solutions of 





1 Fora very curious account of experiments upon the influence of electricity 
apo growth the etedent shew: tes Gramtan + I ‘De Vinflamee de Mélootricité 
stmosphérique sur Is nutrition des yégitaux, Annales de Chimie et de Phy- 
sique, sér, 5, tome xvi, 1879, p. 145. 
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392 VEGETABLE GROWTH, 


some parts, a3 for example most roots near their extremity, 
which do not exhibit this phenomenon. 

1026. Geotropism, Suppose a young shoot to possess the ten- 
sion already described ; let this be placed, while growing, in an 
horizontal position. In consequence of its position the nutri- 
ent fluids will, from the force of gravitation, have a tendency 
to collect’ in greater amount in the cells upon its ander side. 
Their presence on that side will not only cause an increase 
of turgescence there, but will offer to the growing cells a larger 
amount of available material for immediate use in growth, 





especially for laying down the cell-wall. From one or from 
both of these causes there will therefore be an appreciable elon- 
gation of the tissues on the under side, and hence a curving up- 
wards will occur, which finally results in the assumption of the 
erect position by the organ in question. ' 

1027, If, on the other hand, the organ possesses little or no 
tension, it is conceivable that the growth would result in a cur~ 
yature of the extremity towards the ground; this is seen in the 
case of roots. The same factors produce an upward curvature 
where there is marked tension of tissues, and permit a down- 
ward curvature where there ia little or no tension, It is a sig- 
nificant fact that in the case of certain branches from roots the 
direction of growth is oblique. 

1028. Organs which turn towards the earth are termed geo- 
tropic; those which turn upwards are apogeotropic ; those which 
parsue in their growth oblique directions have been termed 


1029, Hellotropism. It can be shown by exact measurement 
that in many cases light, especially the more refrangible part of 


- | 





#16. 173, Vicia Fabs. Descont of root into meroury, (Sacha) 


HELIOTROPISM. 


893 
the spectrum, has a retarding effect upon the growth of certain 
parts, — for instance, upon that of shoots, — exhibiting itself 
in the eurvatare of the part towards the side of greatest illu- 
mination. Such curvatures are said to be heliotropic. It is, 
however, well known that the shoots and some other parts of 
a few plants turn away from the light; such are termed 

fiotropie.* 

1030. Little is known positively as to the natare of the influ- 
ence which light exerts upon growth. The studies of Vines 
have shown that the influence is largely due to the modification 
of the turgescence of growing cells. ** The conditions of growing 


4 In order to examine the effects of the different parts of the spectram upon 
the growth and movements of plants, the student should cultivate in cases of 
gluse of different colors two or three sendlings, 5 
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FORCE EXERTED DURING GROWTH. 895 


bilateral symmetry; by Vochting’ apon the modification of 
foliar and axial organs, 

1034. 'The amount of foree which is exerted by certain organs 
during their growth has been accurately measured for only a few: 
cases. Thus Darwin? found that the transverse growth of the 
radicle of a germinating bean was able to displace a weight of 
1,500 grams, or 3 lbs. 4 oz,, and in another instance, 8 Ibs. 8 oz. 
“* With these facts before us, there seems little difficulty in under- 
standing Low a radicle penetrates the ground. The apex is 
pointed, and is protected by the root-cap; the terminal growing 
point is rigid, and increases in length with a force equal, as far 
a8 our observations can be trusted, to the pressure of at least a 
quarter of a pound, probably with a much greater force when 
prevented from bending to any side by the surrounding earth. 
Whilst thus increasing in length it increases in thickness, push- 
ing away the damp earth on all sides, with a force of above 
eight pounds in one case, of three pounds in another case. 
« . + The growing part does not therefore act like « nail when 
hammered into a board, but more like a wedge of wood, which, 
whilst slowly driven into @ crevice, continually expands at the 
same time by the absorption of water; and a wedge thus acting 
will split even a mass of rock.” 

By means of a framework placed around the fruit of a vigor- 
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Een pardten rate by heat and diminished by 


1038. Portions of protoplasmic matter concerned in the repro- 
duction of many of the lower plants, especially those which 
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398 MOVEMENTS. 


live wholly in the water, as the alge, have the power of inde- 
pendent locomotion. This is exhibited strikingly in the motile 
spores, which are provided with cilia, and can thereby propel 
themselves from place to place with considerable rapidity, Sim- 
ilar independent motion is shown also by the antherozoids of 
many of the lower and even some of the higher cryptogams. 

The protoplasmic movement by which such locomotion is 
secured is essentially identical with certain ciliary movements 
observed in the animal kingdom. 

1089. It is a familiar fact that some minute alge, furnished 
either with walls of cellulose (Desmids) or cellulose impregnated 
with silicic acid (Diatoms), possess the power of motion, but 
the cause is not well understood. In the case of the skiff-shaped 
diatom the motion is somewhat spasmodic, and the course of 
the organism through the water is not in a straight line, but it 
is nevertheless cnabled to traverse a considerable distance in a 
short time. Owing to the absence of any distinct cilia, it is 
difficult to conceive the mechanism of propulsion. According to 
Max Schultze there is a minute slit on 
the under side of the motile diatoms, and 
through this slit a delicate film of proto- 
plasmic matter projects. By contact of 
this motile film with surrounding objects, 
the diatom, as it is supported in the 
water, is transported from place to place. 

These three cases of locomotion, name- 
ly, of (1) naked protoplasm, (2) of ciliated 
structures, (3) of apparently closed cells, 
do not exhaust the list of instances of 
motion of vegetable organisms from place 
to place; other cases are referred to the 
succeeding volume upon the lower plants. 

1040, The movement of protoplasm with- 
in cell-walls bas already been sufficiently 
examined (see 546); but attention should 
now be called to the fact that chlorophyll 
granules (which are always embedded in 
the protoplasmic mass) frequently assume 

15 at night, or when @ portion of the leaf is 
darkened, positions different from those 
which they have during strong exposure to light. This change 








Fro. 178 Ctroulation of protoplasm in hair of Gourd, (Sachs) 
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CIRCUMNUTATION. 401 


some one direction and temporarily diminished or arrested in 
other directions,” it has been found convenient to discriminate 
between circumnutation and modified circamnutation, Darwin 
divides the latter into two classes of movements: (1) those 
dependent on innate or constitutional causes, and independent 
of external conditions, except that the proper ones for growth 
must be present; (2) those in which the modification depends 
toa large extent on external agencies, such as the daily alter 
nations of light and darkness, light alone, temperature, or the 
action of gravity. It is plain that such a division cannot be ab- 
solute ; in fact, numerous intermediate cases are known to exist. 





win' can be employed in nearly all cases where it is necessary 
to magnify the amount of displacement. 


1 Power of Morement in Plants, 1880, p, 4. 














TWINING PLANTS. 405 


of the cells composing it, while changes in the position of cotyle- 
dons devoid of them are due to unequal growth. 

1052. Cireumnutation of the young parts of mature plants, By 
methods similar to those described in 1045, it can be shown that 
the growing extremities of stems, branches, leaves, and their 
numerous modifications possess the power of movement; in 
some instances exhibiting essentially the same phenomena as 


1053, Twiners are distinguished from proper climbers by the 






begins at the earliest moment; (2) only a few 
young internodes are concerned in the revolving ; 


ry Ser hh hean ae een 


the direction of the revolution is not the same for all twiners ; 
(6) the rate differs with the plant and with the surroundings. 


practically . 
1055. The number of internodes concerned in the twining 
movement is usually not more than three or four, and sometimes 





Wha. 17% Bovetving shoot of Morning Glory. 
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MODIFIED CIRCUMNUTATION, A0T 


1059, Any given twiner generally twines in one direction 
only ; for instance, the hop moves in the direction of the hands 
of a watch, or to use another expression, follows the sun; the 


reversal is said to be common.' 
1060. ‘The time required for the revolution of a twiner varies 


Morning Glory, the average time required for the revolution of 
4 thrifty shoot under favorable conditions is about three hours. 
1061. Twiners are affected somewhat by the amount of light 
received, but the revolving goes on uninterrnptedly night and 
day. The increase of rate when a revolving shoot is approach- 
ing a window may be equal to a tenth, or somewhat more, of the 


example of a large class of modified movements, These move- 
ments have slope bape copegen i Me seein cot” 























NYOTITROPIO MOVEMENTS. 409 


1063. The ample revolving movement is not confined to stems, 
bat is observed in some modified branches and leaves, for ex- 
ample in certain ten- 
drils, etc. A single 
instance will serve to 
show the remarkable 
nature of the move- 
ment in the case of 
the tendrils of Echi- 
nocystis lobata, as de- 
seribed by Darwin :* 

“These are usually 

inclined at about 45° m 

above the horizon, but 

they stiffen and straighten themselves so as to stand upright in 

a part of their cirealar course ; namely, when they approach and 

have to pass over the summit of the shoot from which they arise. 

If they had not possessed and exercised this curious power, they 

would infallibly have struck against the summit of the shoot and 

been arrested in their course, As soon as one of these tendrils 
with its three branches be- 


gins to stiffen itself and rise 
ES up vertically, the revolving 
motion becomes more rapid ; 
and as soon as it has passed 
- 8 over the point of diffienlty, 
a 


its motion coinciding with 

that from its own weight 
causes it to fall into its previously inclined position so quickly 
that the apex can be seen trayelling like the hand of a gigantic 
clock.” 

1064. Nyctitropic, or sleep, movements, The foliar organs of 
many plants assume ut nightfall, or just before, positions unlike 
those which they have maintained during the day. In many 
cases the drooping of the leaves at night is suggestive of rest, 
and the name given by Linnseus to this group of phenomena, 
namely, “the sleep of plants,” seems appropriate. But in numer- 
ous cases the nocturnal position is one of obvious constraint, 
and considerable force has to be expended in lifting the leaf to 





1 Power of Movement in Plants, 1880, p. 266. 


Fra. 181. Leaf of Coronilia rosea at night. (Darwin.) 
‘Fro. 182 Leaf of White Clover, .4, day position; B, night position. (Darwin.) 





SLEEP-MOVEMENTS. 411 


continued long after the movements in young leaves destitute 
of such an apparatus have ceased. 

1065. The sleep-movements of cotyledons are extremely diverse, 
but in general consist in an elevation of the tips, bringing the 
upper faces into proximity, and sometimes into contact. It may 
happen also that one or more of the early leaves developed 
from the plumule approaches the elevated cotyledons. Dar- 
win has noted that in some cases the cotyledons of plants, 
with ordinary leaves which exhibit sleep-movements, may not 
change their position at night, except as they do in simple 


circamnutation. 





1066, The utility of the sleep-movements of leaves and cotyle- 
dons is believed to consist in protection from too great radiation 
during the night. Darwin has shown by simple and conclusive 
experiments that in the case of some plants this change of the 
position of leaves at the approach of a clilly night is a matter 
of life and death. 

When leaves which naturally assume nyctitropic positions are 
pinned or otherwise kept from changing their position, and the 
plant is exposed to a temperature a little below freezing, ander 
a clear sky, into which the radiation of heat mast go on rapidly 
from the upper surface of the leaves, serions injuries result, the 
leaves becoming browned and even killed; whereas, leaves on 


Fig. 185, Desmodium gyrans, A, position during the day; 4, position at night. 





THE TELEGRAPH PLANT. 413 


1069. The Telegraph plant. The most surprising instance of 
rapid spontaneous movement is that which is exhibited by the 
lateral leaflets of Desmodium 
gyrans. Each complete leaf 
of Desmodium consists of a 
large terminal leaflet and two 
little lateral leaflets. At 
nightfall the terminal leaflets 
sink vertically, and the peti- 
oles are somewhat raised, so 
that the terminal leaflets are 
much crowded together upon 
the stem (see Fig. 185.) The 
cotyledons do not have this 
nyctitropic movement, but 
the first true leaf sleeps just 
as do the older ones. 

The lateral leaflets do not 
fall at night, bat at the tem- 
perature of 36 to 38° C., or 
even somewhat higher, keep 
up, night and day, an irregu- 
lar jerking movement, which 
has been compared to the 
ticking of the second-hand of 
a watch (or, formerly, to the 
movements of the arms of a 
Semaphore Telegraph). The tip of the moving leaflet passes 

Papaver nudicaule and most Cichoriaces, . - 5 A.M. 
Convolvulus tricolor 2. 6 6 ee ess OO 











SENSLTIVENESS OF ROOTS. 416 


1073. It has been shown (1024) that young shoots react, 
although somewhat sluggishly, against mechanical shock, their 
change of form or direction depending on the character or direc- 
tion of the blows received. In certain delicate tissues, especially 
those which possess much simplicity of structure, change of form 
and of direction may be produced in response to comparatively 
slight mechanical or chemical irritation, It is to these that the 
term sensitive tissues is properly applied. 

1074. Sensitiveness of roots, The tip of the canlicle is gen- 
erally sensitive to contact and to caustics. There are, however, 
great differences in the degree of sensitiveness; in some cases 
slight contact being sufficient to cause réaction, while in others 
the contact must be prolonged and accompanied by direct pres- 
sure. If the caulicle with its unformed root is placed under 
condisione where stunt pan Lis ies ieee eee 
sensitiveness is much impaired and sometimes is wholly lost; 
it is partially lost also when the caulicle grows slowly, or is 
forved to grow vut of season. Under natural conditions and at 
anormal rate of growth the tip is sensitive for about one twen- 
tieth of an inch. Ifa piece of caustic is applied to the tip (not 
more than 1.5 mm. from the very end), the caulicle will curve 
away from the irritated side. ihe ssaceibeiie es Glaeser e 
those eases where the caulicle does not elongate, but where the 
root itself descends. 

1075. The length of the portion of these organs which reacts is 
about ten millimetres. The time of reaction varies for different 
plants, being sometimes in five hours, and, according to Darwin, 
almost always within twenty-four hours. 

1076, “The curvature often amounts to a rectangle ; that is, 
the terminal part bends upwards until the tip, which is but little 
carved, projects almost horizontally. Occasionally the tip, from 
the continued irritation of the attached object, continues to bend 
up until it forms a hook with the point directed towards the 
zenith, or a loop, or even a spire. After a time the radicle 
apparently becomes accustomed to the irritation, as occurs in 
the case of tendrils; for it again grows downwards, although 
the bit of card or other object may remain attached to the 

me 

1077. The tip of the radicle has been shown (1046) to be 
constantly circumnutating. By this movement the sensitive tip 
is brought into contact with different sides of minute crevices in 





1} Power of Movement in Plants, 1880, p, 198. 








CIRCUMNUTATION OF TENDRILS. 4IT 


1078. Sensitiveness of stems and branches. Under ordinary 
conditions even twining stems are not sensitive to slight mechani- 
cal irritation. ‘The reactions to moisture, light, gravitation, ete., 
have been already noticed, and it is now intended to call atten- 
tion to the extraordinary sensitiveness of certain tendrils, some 
of which are modified branches, while others are modified leaves 
or parts of leaves. 

1079, Tendrils circumnutate, and by their revolving movement 
reach out for a proper support. Moreover, they are prodaced 





shoots, so that two modes of revolution 
are frequently to be observed simulta- 
neously, But in this revolving move- 
ment the tendrils sre prevented from 
becoming entangled with the rest of the 
shoot. The manner in which this is 
done is thus described: ** When a ten- 
dril, sweeping horizontally, comes round 
so that its base nears the parent stem 
rising above it, it stops short, rises stif- 
fly ; 


upon a Jong revolving tendril of Passiflora, Echinocystis, or 


572). 
Ue ih: How Plants Bobaro, 1873; p. 18 


Pia. 187. Shoot of Passitiors, showing tendrite 
ris 
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1083. In some cases tendrils are not sensitive to contact, but 
are distinctly apheliotropic, turning away from the light, and in 
this way secaring for the plant an adequate mechanical support 
upon some wall or the like. Grape-vines and Virginia creeper 
furnish good examples of such tendrils. The branches of the 
tendrils of the grape-vine sometimes clasp around a slender sup- 
port, somewhunt in the same way as an object would be grasped 
by a thamb and finger, 

The much-branched tendrils of species of Ampelopsis are also 
aphcliotropic; but when the tips of the branches of the tendrils 
come in contact with a wall, they become expanded into flat 
discs which cling to the surface. 

1084, Sensitiveness of petioles. 
This can be easily examined in 
the common climbing species of 
Clematis,in Solanum jasminoides, 
et. The leaves cireumnutate 
and, in the case of compound 
leaves, the separate leaflets also. 
When young the sides of the 
petioles are sensitive to touch, 
bending towards where the pres- 
sure or compact is. Shortly after 


clasping the support by means of 


suggestive of a rigid branch. In 
Gloriosa the sensitiveness is very 
marked in the leaf-tips, but only 
on the ander surface of the pro- 1 

longed thread-like extremity, 

1085. Sensitiveness of leaf-blades, The fly-trap of Dionea 
(considered by some an appendage to the proper leaf-blade) is 
exquisitely sensitive to any touch upon the hairs which grow on 
the faces of the trap. As soon as these are touched the trap 
instantly closes, and the same effect follows a slight touch on 
the median line, A cross-section throngh the leaf shows that 
the parenchyma is thin-walled. The leaf of the small water- 
plant Aldrovanda has likewise been shown to be sensitive. 








‘Pro. 189, Solanum jaaminoldes 
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1086, The leaflets of numerous plants exhibit a peculiar degree 
of sensitiveness even to a slight touch, Among these are sev- 
eral species of Mimosa and Oxalis. 
The plant which has received the 
fullest investigation is the easily 
cultivated 

1087, Mimosa pudica (the Sen- 
sitive plant). This has 
leaves consisting of four long Teaf- 
lets, each of which is divided into 
numerous minor leaflets arranged 
in pairs. At the base of each leat 
let, and also at the base of the 
petiole, there is a pulvinus, com- 
posed of peculiar cells. On the 
upper half of the pulvinus these 
are thicker-walled than on the 
lower ; most of them contain round- 
ish globules made up of a strong 
solution of tannin in water, surrounded by a film of some albu- 
minoid matter. These globules are not, 
however, of any significance as concerns the 
motility, since they are found in the paren- 
chyma of the bark of some ligneous plants 
(see 953). 

1088. When a fully spread leaf is touched 
at its extremity the many leaflets succes- 
sively close in pairs, the upper surfaces 
approaching and the tips falling somewhat 
forward; the four 
branches of the leaf 
then draw near each 
other, and the main 
petiole inclines 
downwards and 
finally droops pas- 
sively at the joint. 
The recovery from 














this position of col- mm 
lapse takes place in ¥ 
a few minutes, generally i in about a quarter of an hour, 4 
ae $e 
Fro. 190. Alirovania vesiculosa; the lower (ilustration shows tho expanded teat 
much ee 
Fig. 191. Mimosa pudioa, 
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1089. If an irritant is applied to single leaflet, the opposite 
one may be the only other affected ; or, if the effect is more pro- 
nounced, all the leaflets on a single division of the Jeaf may be 
closed without affecting any on the other branches. Butif a still 
sharper impulse is given, not only will all the leaflets on a single 
leaf close, but other leaves on the plant may be affected, Thus 
it is possible by applying a hot needle to a single leaflet to affect 
all those on a small plant. A drop of strong sulphuric acid acts 
in the same way." 

When a leaf of Mimosa is separated from its plant by a sharp 
cut through its palvinus, and is at once placed in a saturated 
atmosphere, it soon recovers its normal expanded condition ; if 
now it is toached the leaflets will collapse as usual, and at the 
moment of closing 4 drop of water can be seen exuding from the 
cut surface. According to Pfeifer it is possible to observe that 
the water comes from the parenchyma of the lower half of the 
pulvinus.* 

1090. According to Bert," who made use of a thermo-electric 
apparatus, the pulvinas of a leaf of Mimosa in its normal condi- 


—a 


tion is always slightly cooler than the rest of the petiole, bat 
upon the movement from irritation it rises in temperature ; not 
enough, 





thought that it resided in the contractile protoplasm. It is now 
generally held to be due to some sudden variation in the osmotic 
power of the proto- 
plasm, particularly in 
ita peripheral portion 
in contact with the 
cell-wall, by which the 
tungescence of the cell 
is suddenly changed.? 
1092. If a plant 
with motile leaves is 
kept in darkness for 
a day or so, even if 
the temperature is fay- 
orable to motion, its 
power of movement is 
either greatly impaired 
or for a time wholly 
lost. A diminished 
atnount of light is sufficient to produce the same effect in the 
case of the Sensitive plant. ~ 
err ee eee eee eee 
1 Compare Hofmeister: Die Lehre von der Pflanze ‘1867, p. r 
Briicke Archiv far Anatotnie, Physiologie, ond ‘eile, cis oh aot 
Unger : Botanische Zeitung, 1862, p. 119; 1863, p. 349. = 


Fra. 192 Transverse rection of the motile organ of @ leaflet of Oxallscarm 
Fro, 100. Vertical section through the motile organ of m Teafict of 
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1118. The pollen-grains of many plants burst when placed in 
water, and the fovilla escapes as a slightly coherent mass which 
soon becomes more diffused and allows the finer granules to pass 
into the water, where they immediately exhibit the Brownian 
movement, common to all minute particles suspended in a 
liquid. 

1114. If pollen-grains are placed in a solation of sugar in- 
stead of in pure water, they will increase somewhat in size; 
and in a few hours, if the specimen is kept at the right tem- 
perature, there will appear at some point of the surface of each 





grain a minute tube, which by great care can be enltivated in = 
proper medium until it attains a length of several millimeters.* 
1116. The pollen-grains of Tulipa Gesneriana emit their tubes 
ina I to 3 per cent solution of eane-sugar; the following require 
a somewhat stronger syrup: Leucojum estiyum and Narcissus 
pocticus, 3 to 5 per cent; most orchids, 5 to 10 per cent; Con- 
per ah ag byrne per cent; Iris sibirica, 30 to 40 per 





consult Meyen: Pflanzenphysiologic, iii., 1830, pp. 102 et seg.; and also the 
remarkable treatise by Robert Brown, 

Sp raeaaal pear pe hier iyen ge eaeren sper nereh in contact 
with nectar readily send out tubes; and that we often find at the base of the 
flower a whole mass of confervoid web, which consists of entangled pollen~ 
tubes emitted in this manner (Principles of Setentific Botany, 1849, p. 408). 

* Strasbargor: Das botanische Practicum, 1884, p. 621. 

Fi, 11. 4, young pollen-grain of Alliam fistutomm, before its division; 4, after: 
division of the nacleas: 5 soe ah ariaon ot te wvicnlaael "ne eit aan 


Monetropa ied, c,enmo emitting its tube, into which the two mucbel 
7 f, enmbencont of the pollen of Tiatanthern bite daring their division; g, 
of of Orchis mascula, Ino which tho two neclel pam. (Stras 
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pistil with a large number of ovules the stigmatic surface is 
large, a8 is also the amount of conductive tissue of the style 
through which the pollen-tubes are to descend. 

1118. The conductive tissue through which the pollen-tube 
descends, and by which it is nourished, is formed at the stigma 
by a modification of epidermal cells, and below this arises from 
modifications in the parenchyma; in the style it may constitute 
« solid mass of delicate cells, sometimes with walls which have 
undergone the mueilaginous modification, or it may simply line 
the hollow tabe which is frequently found, as in the pistil of 
the violet. 

1119. The time required for the descent. of the pollen-tabe de- 
pends upon the length and character of the path the tube is 
to traverse, and is very different in 
different cases. Hofmeister states 
that in Croens vernus, with a style 
which is from one to two inches in 
length or sometimes more, the tube 
reaches the ovary in from one to 


having a style nine inches long, a 
few hours; Colchicum autumnale, 
with a style thirteen inches long, 
twelve hoars. In some other cases 
(certain orchids) it is weeks before 
the end of the tabe has descended 
for even a very short distance, 
1120. A single pollen-grain of 
some flowers can emit more than 
one pollen-tube : thus Amici has 
seen twenty to thirty tubes proceed 
from one grain. Pollen-tabes sometimes branch in their course 
downward, 

1121. The length of time during which pollen-grains can 
preserve their vitality has been determined for a few cnses:4 








3 Schleiden: Principles of Scientific Botany, 1849, p. 407. 
* Giirtuer, quoted by Moh!: Yori 1 
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other cases several rows of cells are superposed, forming the 
body known in morphology as the nucleus of the ovule. This, 
to avoid the possibility of even slight confusion, will be now 
spoken of as the nucellus. 

That this distinction is necessary, 
will appear from the fact that in one 
of the large cells of this body there 
is a true cell-nucleus which under- 
goes remarkable changes, all of which 
must be deseribed. It should there- 
fore be remembered that in the fol- 
lowing discussion the term mucellus 
means exactly that which in Volume 
I. page 277 is called nucleus of the 
ovule. 

1125, Around the nucellus there is developed in most in- 
stances a double ring, which soon nearly invests it, forming an 
inner and an outer coat. Attention 








1126. At the micropylar extremity of the forming ovule, a 
single cell, beneath the surface (except in orchids and some 








CHANGES IN THE OOSPHERE. 
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more or less protoplasmic matter, but are not invested by a 


trae cell-wall; these have been termed the 
egg-apparatus. Two of these naked nu- 
cleated bodies are somewhat attenuated at 
their upper part and rounded below ; the 
slender portion contains the nucleus, the 
rounded a vacuole. The bodies are termed 
the aynergide. The remaining cell is near 
the lower extremity of the two just de- 
scribed, and is known as the odsphere. 
All of these parts are shown in the fig- 
ures. 

Such, then, is the structure of the em- 
bryonal sac and of the egg-apparatus, 
when the extremity of the pollen-tube 
emerges into the cavity of the ovary and 
comes in contact with the micropyle, or 
foramen. It has been shown by Stras- 
burger, that when contact takes place be- 
tween the pollen-tube and the summit of 
the embryonal sac, one of the aynergi(ie 
changes its character; its rather clear pro- 
toplasm becomes turbid, its vacuole and 


® a 





nucleus vanish, and with a slight con- 
traction the mass becomes finely granu- 
lar, after which it may wholly disappear. 
At this time the odsphere also undergoes 
the following changes; it clothes itself 
with a thin film of cellulose, and in its 
protoplasmic mass a well-marked nucleus, 
probably derived as such from the pollen- 
tube, appears by the side of the nucleus 
of the ovsphere, sometimes of the same 
size, sometimes smaller. The two nuclei 
blend, forming a single ovoid body, with 
distinet or with confluent nucleoli. Even 
if at first distinct the nucleoli may be- 
come confluent at a later period. The 
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that in some instances” thelpallén-kabe 
passes down without apparently affect- 
ing the synergidw to any very marked 
extent, but Toditings tie ‘its poten 


is termed an odspore. It passes 
a series of changes by which a second 
cell is formed, then others in a linear 





aad, but given In perspective; f, longitetinal, mn, transverse, section of 
Uryo at n later stage; m, perspective view of embryo at a little carter a 
™ Ras fy later stages; g, mame embryo seen from below, oxtteiting the 
meer the suapanser; 4, #, 4”, colle nearest the auspensor. (1 

mowskL) 
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1180. The terminal cell of the suspensor is followed by the 
initial cell or cells of the embryo proper; the different stages of 
the development of the embryo can be traced in the ovule of one 
of our most common weeds, Capsella (compare Figs. 203-205). 

The case above described is a simple one, but may serve as a 
type of all normal cases of fertilization in angiosperms, the innu- 
merable deviations from which cannot be further alluded to here." 

1131. With the changes in the embryo sac there are concomi- 
tant changes in the whole nucellas and its integuments. A 
certain amount of food of some kind (sce 509) is stored either 
in the sac or in the developing tissues around it, constituting 
the 4o-called albumen of the seed, The food within the develop- 
ing embryo sac is termed endosperm; if around it, perisperm, 
But the changes do not stop with the ovale as it ripens 
into a seed; they go on also in the surrounding parts. In 
fact, as soon as fertilization has begun, the flower wilts, and 
in most cases the external organs fall. The ovary, sometimes 
with associated parts such as the calyx, the receptacle, ctc., 
passes through changes by which it becomes the fruit. 


FERTILIZATION IN GYMNOSPERMS. 
1132. The chief differences between the reproduction in these 


Faye: 
Hi 
rel 
FEF 2ks 





} 

g 
é 
Ff 
£8 


this pollen 

» The student is urged to study with great the masterly treatise 
Strasbarger, Volos Batbaob ning eet baneoduic, 1ethsead eae cere tacinc 
secount in bis Practioum, 1884, 


Fro, 208. 4, of Biotn before thetr exenpe from the Te 
1 kai ws ter ae te eatin shaving sp fh pre cern 
wide and a dorsal view. (Sachs.) - 


i 





i 
a 
3 
i 
i 
§ 


i 








a 


FERTILIZATION EN GYMNOSPERMS. 439 


finds there a certain amount of moisture by means of which a 
tube is formed from one of the large cells. This extends directly 
into the tissue of the nucellus, coming sooner or later into con- 
tact with the summit of the embryonal sac, and then 

the corpuscules below. From the fertilized corpuscule the embryo 
is developed. 





4 For the of affording some means of comparison of the methods of 
Cantera iene plants and im those of a lower grade, the following 
brief notes concerning the reproduction in several of the groups of Cryptogarns 
have been inserted :— 

(1) No sexual reproduction has yet been demonstrated in the very lowest 
forms of vegetation, Such plants are termed Protophytes. The fungi which 
are associated with fermentation and putrefaction, und certain of the simplest 
alge, are examples of tho group. 

Jn the study of the Protophytes the beginner can examine with profit the 
cells of common yeast. Care sbould be taken to distinguish between the cells 
of tho plant and the grains of starch with which compressed yeast is generally 
associated, 

‘The simple one-celled plants with 
chlorophyll which belong to this groap 
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1186, It was formerly thought that no clear: 
be detected between the flowering plants and 






Some of the species are 
dimoious, baving the male 
¢loments in the conceptacles 
ou one plant and the female 
elements in those upon an- 
other, 

(4) Carpophytes, ‘The 
simplest planta of this het- 
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kept in alcohol, and winter specimens will be found 








are carried by water to this process, and fortilization results; the prodsct of 


Fig. 210. Fucus, {llustrating the fertilization of an ofphyto. 6, seetton 
exiititing the reproductive organs; 6 and c, the oispheres 
single antheronoid 
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of flowerless plants. Comparative investigations bave, however, 
shown that such gradations do exist, and that the chain of exist- 





fertilization is shown in the figure. Of the more complicated cases this is not 
the place to speak ; their treatment, as well as that of all the simpler forms, 
may be looked for in Volume I. 

Specimens for this demonstration of the different stages of reproduction aro 
to be procured at different seasons. As will be seen from the figure, most of 
the features are #o nearly superficial as to nesd no partioular sections for their 
exhibition, 

(5) Troc mosses and their allies are charncterized by the possession of an 
archegoninm or flask-shaped bedy containing a central cell in which ix the 
olisphore. ‘Tho oisphero is fertilized by immediate contact with antherozoids 
which are formed in antheridia; a8 a result of the fertilization, there is 
produced a spory-case filled with spores. 

Tn the examination of the fructification of a mos, the plant must be taken 
atan carly stage, and search must be made for the sexual organs by removal of 
the flower-like cluster of leaves 
at the summit of the minute 2 
stalk. If the removal is success- 
fully performed, and the plant is 
in the right condition, « group 1 
of threads like those shown in ’.4 





tion, @ spore gives rise to slender a 
filaments among which ix pro- 
ituced the mixute moss-plant with the sexual organs figured in the aketch, 


Fro. 212, amar kravensetaiéa, ‘0 wees. 1. Longitedinal beutien: sbtendi the 
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Sections through the prothallas will exhibit the sexual 
stages of development. The best material is procured by 1 
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1137. Contrast between non-sexual and sexual reproduction as 
regards results. In non-sexual reprodaction a certain portion 
of living matter is separated from the rest of the living matter 
of the plant, and, coming under favorable conditions, pursues 
an independent existence ; in sexual reproduction, two portions 
of living matter, from different parts of the organism or from 
different organisms, unite to constitate a new individual. 


fern-spores, On a piece of unglared earthenware, for instance a broken flower- 
pot, which has been first boiled for a time in water to destroy any injurions 
moulds, a few spores are to be 
dusted. If the whole is covered by a 
bell-jar and kept dark and warm, after 
a certain time the delicate films will be 
detected and can then be traced through 
their development. 

{7) Some of tho allies of the ferns 
preduce spores of more than one sort, 
differing in size and subsequent devel- 
opment. ‘The larger spores, known as 
macrospores, give rise to an inelnded 





Af these allies of the ferns are compared with the angiosperms, wide diffor- 
ences are found to exist which can be bridged over, in part wt least, by the 
Bymnosperms. Henee, in some eystetns of classification the ar 
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plants apparently depend on the two differing somewhat in con- 
stitution or character, . . . The mere actof crossing two distinct 
plants which are in some degree inter-related and which have 
been subjected to nearly the same conditions does little good 
as compared with that from 4 cross between plants belonging 
to different stocks or families and which have been subjected to 
somewhat different conditions.” * 

1157. In Volume I. the different methods by which cross- 
fertilization is effected were sufliciently described, but certain 
special questions were then purposely left unanswered ; namely, 
those in regard to the anatomical and chemical nature and the 
distribution of the attractions by which insects are allured to 
flowers to insure cross-pollination. 

1168, The nectar which certain flowers offer to insects is made 
known by color or odor, or both. It is the sweetish liquid com- 
monly called the “boney” of the flower, secreted by certain 
specialized organs Known as nectar-glands, Mention has already 
been made (453) of the occurrence of these glands on leaves. 
In the flower they consist usually of specialized parenchyma not 
unlike the secreting surface of the stigma (see 1109). They 
are sometimes raised by a stalk, or adengphore, more or less 
above the surface of the floral organ on which they are de- 
veloped, but often not elevated at all. 

1159. Nectar-glands may occur upon any part of the flower, 
upon its bracts, or even upon some part of the flower-stalk near 
it. eS oe ee 
example of nectarglands on the flower-stalk. IY species of 

have them on bracts; the common Passion-flower 
and the cotton plant of the South also have them on the same 
organs. The most romarkable case of arrangement of the glands 
is found in a tropical plant, Murcgravia nepenthoides; this bas 
been thus described: “The flowers are disposed in a circle, 
hanging downwards like an inverted candelabram. From the 
centre of the circle of flowers is suspended «4 namber of pitcher- 
like vessels, which, when the flowers expand in February and 
March, are filled with a sweetish liquid. This liquid attracts 
insects, and the insects numerous insectivorous birds. The flow- 
ers are so disposed, with the stamens hanging downwards, that 
the birds to get at the pitchers must brnsh against them, and 
thus convey the pollen from one plant to another.” * 





+ Darwin : Effects of Cross ami Self Fertilization, p. 61. 
2 Belt : Naturalist in Nicaragua, 1874, p. 128, 


a 











COLORS OF FLOWERS. 453 


of surface: ¢. g., in the case of velvety petals the color is often 

softened, sometimes to a remarkable extent. 
1166. Contrasted colors are often seen in a single flower. In 
these are so disposed in spots or lines as to suggest that 


ons spots without being nectariferous ; e. g. certain poppies. 

1167. Darwin cites the following case as showing that nectar- 
marks have been developed in connection with the nectaries: 
“The two upper petals of the common Pelargonium are thus 
marked near their bases, and I have repeatedly observed that 
when the flowers vary so as to become peloric, or regular, 
they lose their nectaries and at the same time the dark marks. 
When is only partially aborted, only one of the 
upper petals loses its mark. Therefore the nectary and these 
marks stand in some sort of close relation to one another, and 
the simplest view is that they were developed together for a 
special purpose ; Hie. caly, souodirable, one! eet, sins tie anetioe 
serve as a guide to the 

1168, Sr rae ferrin ln cghoin ety ecea eae 
or less after opening; thus many Borraginacem turn from red 


begins to fade, and by the next day entirely vanishes. 
1169. Of all colors of flowers white, pale yellow, and yellow* 
are the most common. 





} Effects of Cross and Self Pertilization, 1876, p, 273. 
2 The following table by Kohler and Schiibeler (cited ty Balfour) exhibits 
the relative frequency of certain colors in the plants of twenty-seven different 
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1160. From the nectar-glands of proper floral organs the seere- 
tion of nectar is generally copious and is prone to collect in 
minute cavities such as shallow pits, or in conspicuous special 
receptacles, the so-called nectaries. The morphology of these 
organs has been sujfliciently described in Volume I., Chapter VI. 

1161. The specific gravity of nectar is very variable. The 
following figures are from Unger’s' determinations : — 


Agave Amoricama sw. ws ee ee ee 105 
“ guniniflom. 2. 2 ee ee ee ee LOD 
ee a ee re rae k 


If it is assumed that, the solid matter in nectar is wholly sugar, 
these figures would correspond respectively to the following 
amounts of cane-sugar; namely, 10, 18, and 41.66 per cent* 

1162. The period of most copious secretion of the nectar usually 
coincides with the maturity of the anthers or of the stigma, but 
in some cases the nectar is prepared in considerable quantity 
before the flower opens.* 

1168. The secretion of nectar can be arrested, as Wilson has 
shown, by carefully washing the secreting surface with a jet of 
water and then drying it with filter-paper. Nectaries whieh 
have been thus made inactive through removal of the nectar can 
be again brought into activity by adding to the surface a little 
strong syrup. 

1164. The secretion from nectar-glands is not dependent upon 
the pressure exerted by contiguous cells. When the flow of the 
nectar from a nectar-secreting surface has been arrested in the 
manner described above, a pressure of even 40 centimetres of 
mercury upon the stem is insufficient to produce any effect ; but 
the activity of the surface is at once resumed when a little syrup 
is placed upon it. 

The secretion of nectar can proceed even when the tissues are 
not turgescent.* 

1165. The colors of flowers depend, as indicated in 477, 
upon the existence in the cells of minute granules or of colored 
sap. The shades may be modified to some extent by accidents 





1 Sitzungsberichte, Berlin Akademio, xxv., 1857, p. 446. 

2 Wilson : in Untersuchungen aus dem bot. Inst., Tiibingen, 1881, p. 7. 

8 Bonnier : Les nectaires, Ann. des Sc. nat., sér. 6, tome viii., 1879, p. 5. 

4 For details see an important memoir by Wilson in Untersuchungen aus 
dem bot. Inst., Tiibingen, 1881, i. p. 1; also an excellent paper by Trelease, 
“Nectar and its Uses” (in Report on Cotton Insects, U. 8, Dept. of Agricul- 
ture, 1879), which contains a comprehensive bibliography. 
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1173. Nectar is protected in various ways from unweloome 
insects ; that is, from those which cannot aid cross-fertilization, 
The chief of these is by the structure of the flower itself or the 
parts below. Characteristic odors and certain colors may con- 
tribute to this protection. Thus, as Maller has pointed out, 
doll yellow flowers are entirely, or almost entirely, avoided by 
beetles, while they are visited by Diptera and Hymenoptera 
(flies and bees). 

1174. Hybrids are the offspring of crossed species. But, as 
shown in Volume I. page 320, the limits which separate varie- 
ties from species are sometimes not sharply defined; hence it 
apc tad ea trey APSA EOS BEE RO SSD ee 

between strongly marked varieties of the same species. Such 
offspring should, however, be termed either yaricty-hybrids or 
eross-breeds, and the word hybrid kept to its proper significa- 
tion, 

1175, Wide differences exist in the degrees of capacity for 
producing hybrids. Thus certain closely allied species cannot 
be made to cross, while others much more remote in apparent 

are crossed without difficulty. 

1176. Picoceaear tos Hain ot caput ns. lasted 


crossed.’ Hence it cannot be known beforehand 
whether the attempt to cross two species will be successful. ~ 


(3) Flowers which are always open, but which are odoriferous at one time 
anil scentless at another. Under this class there are also two subdivisions : 


‘In certain cases odors are given out by flowers in an intermittent manner. 
‘This is strikingly shown in some of the larger night-flowering species of 


Dolpine bas given (Uiteriori Osservazioni sulla nel Regno Voge- 
tale, 1848-1874) an clabornte classification of odors as they exist in flowers, 
kinds which are readily: ‘as peculiar, while 


are comparatively common in the ‘Melas. 
tomaceas, Amaryllidacem, 
and Graminen; and he cites also the instances outside of these 
families ; Brassica X Galiam * Centropogon  Sipho- 
Verbascum X Celsia, Philesin x 
1881, p. 458). 
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CLOSE AND CROSS FERTILIZATION CONTRASTED. 4:19 





1153. The results of close and cross fertilization, as shown by 
the weight of the seed-capsules, are given by Darwin thus: *‘ The 
offspring of intercrossed plants of the ninth generation, crossed 
by a fresh stock, compared with plants of the same stock inter- 
crossed during ten generations, both sets of plants left uncovered 
mod ‘Datarally’ fertilized, produced capsules by weight as 100 
to 51.” 


2 The folowing summary (Derwta Effeots of Cross and Self Fertilizntion, 


Sixty-five capsules produced 
planta fertilized by pollen from a distinct plant, and fifty-five capsules prov 
duced from flowers on five self-fertilized plants, fertilized by their own pollen, 
contained seeds in the proportion of =. - . . . - - - - 100 tw 98. 
plants, and at mat bealiced cape Saaberd 
| twenty-five les oF we 
self-fertilized plants, seeds in the proportion of . . . 100 to 0% 
the total number of capsules produced by these plants and the 
ee ne eee 
Fidel amsdaloi tha propection of 0 ee taken deere ew ew 100 to 64. 
Other plants of this generation grown under unfavorable conditions and 
eee eee eee 100 to 45. 





. 





NECTAR, 451 


plants apparently depend on the two differing somewhat in con- 
stitution or character. . . . ‘The mere act of crossing two distinct 
plants which are in some degree inter-related and which have 
been subjected to nearly the same conditions does little good 
as compared with that from a cross between plants belonging 
to different stocks or families and which have been subjected to 
somewhat different conditions.” | 

1157. In Volume I. the different methods by which cross- 
fertilization is effected were sufliciently deseribed, but certain 
special questions were then purposely left unanswered ; namely, 
those in regard to the anatomical and chemical nature and the 
distribution of the attractions by which insects are allured to 
flowers to insure cross-pollination. 

1158. The nectar which certain flowers offer to insects is made 
known by color or odor, or both. It is the sweetish liquid com- 
monly called the “honey” of the flower, secreted by certain 
specialized organs known as nectar-glands. Mention has already 


above the surface of the florsl organ on which they are de- 
veloped, but often not elevated at all. 
Nectar-glands may occur upon any part of the flower, 
bracts, or even upon some part of the flower-stalk near 
* Cow-pea” of the Southern States affords a good 
example of nectar-glands on the flower-stalk. Many species of 
Euphorbia have them on bracts; the common Passion-flower 
and the cotton plant of the South also have them on the same 
organs. The most remarkable case of arrangement of the glands 
is found in a tropical plant, Maregravia nepenthoides ; this has 
heen thus described: ‘+ The flowers are disposed in a circle, 
hanging downwards like an inverted candelabram, From the 
centre of the circle of flowers is suspended a number of pitcher- 
like vessels, which, when the flowers expand in February and 
March, are filled with a sweetish liquid. This liquid nttracts 
inseets, and the insects numerous insectivorous birds. ‘The flow- 





© Darwin: Effects of Cross and Self Fertilization, p. 61. 
2 Belt : Naturalist in Nicaragua, 1874, p. 128, 





COLORS OF FLOWERS. 453 


of surface: ¢. g., in the case of velvety petals the color is often 
softened, sometimes to a remarkable extent. 

1166. Contrasted colors are often seen in a single flower. In 
general these are so disposed in spots or lines as to suggest that 
they bear a direct relation to the point where the nectar is se- 
creted ; hence such color-marks were called by Sprengel nectar- - 
spots or nectar-guides. But in some cases flowers have conspicu- 
ous spots without being nectariferous ; ¢. g. certain poppies. 

1167. Darwin cites the following case as showing that nectar- 
marks have been developed in connection with the nectaries: 
“The two upper petals of the common Pelargonium are thus 
marked near their bases, and I have repeatedly observed that 
when the flowers vary so as to become peloric, or regular, 
they lose their nectaries and at the same time the dark marks. 
When the nectary is only partially aborted, only one of the 
upper petals loses its mark. ‘Therefore the nectary and these 
marks stand in some sort of close relation to one another, and 
the simplest view is that they were developed together for a 
special purpose ; Fie Sey, Stee VALE ce, eis ADaR Re aaa 
serve as a guide to the 

1168. ‘The colors of the flowers in certain species change more 
or less after opening; thus many Borraginacem turn from red 
to blue even during a short space of time. One of the most 
interesting cases of this change of color is presented by Arnebia. 
When the flower opens each lobe of the yellow corolla is con- 
spicuously marked by a deop purple spot; after a few hours this 
begins to fade, and by the next day entirely vanishes. 

1169, Of all colors of flowers white, pale yellow, and yellow* 
are the most common, 


2 Effects of Cross and Self Fertilization, 1876, p, 973. 

2 The following table by Kohler and Schiiboler (cited by Balfour) exhibits 
the relative frequency of certain colors in the plants of twenty-seven different 
families of plants; — 
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1178. Nectar is protected in various ways from unwelcome 
insects; that is, from those which cannot aid cross-fertilization. 
The chief of these is by the structure of the flower itself or the 
parts below. Characteristic odors and certain colors may con- 
tribute to this protection. Thus, as Maller has pointed out, 
dull yellow flowers are entirely, or almost entirely, avoided by 
beetles, while they are visited by Diptera and Hymenoptera 
(flies and bees). 

1174. Hybrids are the offspring of crossed species. But, as 
shown in Volome I. page 520, the limits which separate varie- 
ties from species are sometimes not sharply defined; hence it 
happens that the term hybrid has been also applied to crosses 
between strongly marked varieties of the same species. Such 
offspring should, however, be termed either variety-hybrids or 
cross-breeds, and the word hybrid kept to its proper significa- 
tion. 

1175, Wide differences exist in the degrees of capacity for 
producing hybrids. Thus certain closely allied species cannot 
be made to cross, while others much more remote in apparent 
relationship are crossed without difficulty. 

1176. In general the limits of capacity for hybridizing do not 
extend beyond the genus; a few cases, however, are known in 
which species usually assigned to different genera have been 
successfully crossed.' Hence it cannot be known beforehand 
whether the attempt to cross two species will be successful. ~ 


(3) Flowers which are always open, bat which are odoriferons at one time 
and scentless at another, Under this class there ure also two subdivisions : 

{o) Those always open, and only oderiferous during the day; « g. 
Cestrum diurnum, Coronilla glanca, ete. 

Ati sleaze toes, Sak: soly odoriferous at night; «. g. Cestrum 
nocturnom, Hesperis tristis, ete. 

Th certain cases odors are given out by flowers in an intermittent manner. 
‘This is strikingly shown in some of the larger night-flowering species of 


has given (Ulteriori Osservazioni sulla Dicogamia nel Regno Vege- 
tale, 4) an claborste classifiention of odors as they exist in flowors, 


Passifloracess, Cactacer, 
and Gmminex; and he cites also the following instances outside of these 
families; Brassica X Galium X Asperula, Centropegon X Sipho- 


campylus, ala Vertancnm  Celsia, Philosia ¢ Lapageria, 
prise io a ‘1881, p, 456). 
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1180. If to a stigma pollen from two species is applied simul- 
taneously, only that will be potent which has the greatest sexual 
affinity, and no apparent effect will be produced by the other. 

1181. With some remarkable exceptions, hybrids share the 
general characters of their parents, and are intermediate between 
them, It sometimes happens that part of the offspring of a 
single union will have certain characters, while the rest,’ raised 
from the same seed-pod, will possess others. 


1 This and certain other points referred to in the text aro well illustrated 
hy the case of Parkman's Lily, which is here described nearly in full :— 

“ My fiest atterupt was to combine the two superh Japanese lilies, L. specio- 
sum (Jancifoliam) and L, auratum. The former was used as the female 


brought glass. 

does not ripen its seed in the open air in the climate of New England, When 
the flowers were ou the point of opening, the anthers were carefully removed 
from the expanding buds by means of forces. As the pollen was cutirely 
unripe, and as pains were taken to leave not a single anther in any of the 
flowers, self-impregnation was impossible. The was 
then applied to the pistils as soon as they were in condition to receive it. 


‘an ample crop of seed; but the experiment was spoiled 
of the man in charge of the greenhouse, in consequence of which the pods were 
attacked by mildow. 

“In the next year I repeated the attempt, with the same precantions. 


z 
e 


‘This time the ered was successfully ripened. sown immediately, a por- 
tion of it germinated in the following spring, and the rest # year Iater. In 
to this seed, two wore noticeable: it was scanty, the pods 


But not of L. speciosum, Here, then, wasa plain indication of the influence 








CHAPTER XV. 
THE AND ITS GERMINATION, 


1186. Tvs far this treatise has dealt chiefly with the phenom- 
ena presented by the organs of adult plants, especially while 
these are in a healthy state. It is necessary to consider in con- 
clusion a special case; namely, that of the seed, and the carliest 
phases of its independent existence. 

1187, When a fertilized ovule approaches maturity, its activi- 
ties become notably lessened in degree until, with perfect ripe- 
ness of the seed, the embryo manifests no indication of life. In 
a few cases the seed is so precocious that it will germinate even 
before it is detached from the parent plant; but there is usually 
& period of suspended activity. 

1188. Two views are held as to the nature of the life of the 
embryo during this period of arrested activity: (1) that it is 
simply potential, and may be roughly compared to the fire in a 
match, ready to manifest itself under favorable conditions ; (2) 
that it is a sluggish, dormant state, which differs from active life 
only in degree. 

1189. From the first point of view it is easy to regard the 
seed as representing a certain amount of potential energy indi- 
rectly derived from solar radiance, and held for a time in a con- 
dition from which it may be released in many ways: thus, it may 
be liberated by rapid combustion, as when corn is burned for 
fuel; by slow oxidation, as when seeds decay; or by the act of 
germination. 


1190. The second view takes into account, although it does 
not explain, the slight changes which take place in certain seeds 
and some other parts, especially buds, during what has been 
called the resting state. 

1191, It has been stated (976) that many seeds cannot be 
made to start into active growth, even under the most favorable 


BEPRODUCTION. 


1182. Focke has shown that hybrids between remotely related 
species are generally delicate and difficult of cultivation, but that 
those which result from nearly related species are remarkable for 
the vigor of their vegetative organs. Niigeli has also pointed 
out that the latter have a somewhat longer lease of life than the 
parents; thus annuals can become biennials or even perennials. 

1188. Hybrids between closely related species usually have 
larger or more showy flowers than either of the parents, but their 
reproductive organs are much weaker. This diminution of fer- 
tility may be complete, but it is usually only partial. The pollen- 
grains are generally fewer and often less developed, the ovules 
are less likely to afford sound germs. As a rule, the stamens 
are more affected than the pistils. 

1184. Derivative hybrids are the offspring resulting from s 
union of a hybrid with one of the parent forms, or with another 
hybrid from a different source. In the former case there is fre- 
quently observed a marked tendency towards reversion, which 
may be heightened by repeated experiments in the same direo< 
tion, until at last it is complete.! Lay 

1185. Hybrids and their offspring exhibit a marked te: 
to vary. This fact is utilized by horticulturists in the produ 
of new varieties. Varieties thus produced must, however, by, 
perpetuated by other means than by seed.* 









influence of the alien pollen was shown, as before noticed, in the markings of 
the stem, and also in a diminished power of seed-bearing ; but this was all. 

“In the next year, wishing to see if the male parent would not make his 
influence appear more distinctly in the second generation, I fertilized several 
of these fifty hybrids with the pollen of L. auratum, precisely as their fe 
male parent had been fertilized. ‘The crop of seed was extremely scanty ; but 
there was enough to produce eight or ten young bulbs. Of these, when 
they bloomed, one bore a flower combining the features of both parents; 
but, though large, it was far inferior to L. Parkmanni in form and color. 
The remaining flowers were not distinguishable from those of the pare 
1. speciosum" (Bulletin of the Bussey Institution, ii, 1878, p. 161). 

1 For a full treatment of this subject, the student should examine Niigeli’s 
treatise in Sitzungsberichte der Kénigl.-bayer.-Akad. der Wissenschaften sa 
Miinchen, 1865, ii. ; and that by Focke, Pflauzen-mischlinge, 1881. 

2 Fora full account of the variation of hybrids, the student should see 
Naudin, Ann. des Sc. nat., sér. 4, 1863, tome xix. 

For a study of the influence of foreign pollen on the form of the fruit, see 
a paper by Maximowicz: St. Pétersb. Acad. Sei. Bull. xvii., 1872, col 275. 
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1197. How long can a seed retain its vitality? Some seeds 
perish shortly after separation from the parent unless they are 
at once planted, while others preserve their vitality for long 
periods. In experiments by De Candolle seeds of three bun- 

and sixty-eight species of plants were kept in the same 
same conditions for fifteen years. The 


Of 1Baleaminnee, . - . - 1 + ss 1 came up, or 100 per cent, 
5 we BH 

“99 Hw 

“ae 





of a species of Colutea germinated when forty-three years old, and 


wrappings of mummies have been made to germinate.” 





+ Report of the British Association for the Advancement of Science, 1850, 
165. 

Wars h Mietag Satan ertmme a prolocgal itliky tony’ bo tf bereh 
M_ R. Brown m'a dit avoir fait germer des graines de Nelumbium specio- 





ABSORPTION OF WATER BY SEEDS. 463 


1202. The increase of seeds in size accompanying the absorp- 
tion of water is ascertained by placing them from time to time 
in a narrow graduated cylinder, pouring over enough water 
to completely cover them, and noting the height at which the 
water stands ; then pouring it into another graduated glass and 
accurately measuring it. ‘The difference in amount of water in 
each case indicates the volume of the seeds, The work must 
he done expeditiously in order to avoid the error arising from 
absorption during the period of measuring; but this error in 
any case is slight. 

1203, The following results may be of interest and serve as a 
guide to the student.t 

65.418 grams of air-dried peas, having a volume of 43 cubie 
centimetres, were soaked in water at a temperature of 19° 
21°C. The soaked seeds were at each measurement carefully 
dried by blotting-paper :— 





The gain in weight in 70 hours was therefore 96 per cent, and 
in volume 167 per cent, 

In another experiment the changes were as follows : Phaseolus 
vulgaris gained in weight, in 48 hours, 100.7 per cent, and in 
volume, 134.14 per cent. In still another experiment, with the 
same species, the gain in weight in 72 hours was 114.5 per cent 
(or, taking into account some loss by extraction, 117.5 per cent), 
and in volume, 140.9 per cent. The gain in volume is con- 
siderably greater than the gain in weight.* 


1 Nobbe : Handbuch der Samenkunde, 1876, p. 122. 

* It must be noted that in many dry seeds, for instance between the coty- 
Jodons of some peas and beans, there are cavitiea which must be filled before 
there can be any marked increase of volnine (Nobbe:; Handbuch der Samen- 
kunde, 1876, p. 125). 








TEMPERATURE REQUISITE FOR GERMINATION. 460 


clear ive; the seeds themselves being in hollows on its surface. 
The temperature must of course be given as 0° C. Uloth found 
also that wheat-grains germinated in the same cellar upon pieces 
of ice. Kerner’ placed seeds with some earth in glass tubes and 
exposed them to the cold springs on the edge of snow-flelds in 
Alpine regions. He found that the seeds of most Alpine plants 
could germinate at 2° C., and that some might even at 0°, It 
was shown that at all growing points there is some heat evolved. 
In Uloth’s observations, above noted, attention is called to the 
fact that the rootlets descended into solid ice in a number of 
cylindrical cavities which they melted out for themselves. 

1208. The minimum temperatare for germination of the seeds 
of many plants in common cultivation is given by Haberlandt* 
as 4°.75 C. (although some can start even below this). Be- 
tween 4°.75 and 10°.5 we have the minimum temperature for 
Tndian corn, timothy grass, sunflower ; between 10°.5 and 15°.6, 
that for tobacco and squash; between 15°.6 and 18°.5, that for 
cucumber and melon, 

1209. The mazimum temperature, or that beyond which germi- 
nation cannot begin, differs greatly in different species. Haber- 
landt has shown that degree of ripeness, freshness, the ** race,” 
and several other influences considerably modify the result. 
‘The maximum temperature for a few of the more common plants 
is here noted : — 


Woe iy oats, timothy vbbage, Be 


wattle iacichne eae “ge 
Indian corn, millet, sqaash, cucumber, and sager melon 


Tn no case was germination observed above 50° C. 

1210. Between the minimum temperature below which and 
eee nae uarahaiesn, siore/smpis cuca aalony OCS 
eee eins Boe Sok oxsinart i Ma Dion ees 
optimum temperature; that is, the degree at perigee 
tion begins most speedily.* The short table on the following 
page is by Sachs :— 





4 Berichte der naturw-med. Vereines in Innsbruck, 1873, and Botanische 
Zeltang, 1873, p. 437. 
? Vorsuchs-Stationen, xvii. p. 104. 
® The difference in regurd to the degres of warmth demanded by seeds of 
the same species raised in different climates has been examined by Sehiibeler 
(Die Calturplanzen Norwegens, 1862, jr 27), 
30 
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found that peas in swelling could overcome a pressure of 18 
atmospheres, corresponding to a height of the mercurial column 
of 13.5 metres. 

1215. The influence of oxygen upon the absorption of water 
by the seed is not marked, as will be seen by the following 
experiment : + — 

200 fresh seeds of red clover were placed in pure water for 20 
hours; 200 more were placed in water into which oxygen gas 
was conducted ; 200 more in water through which carbonic acid 
gas was conducted for a while aud then the water covered with 
a layer of oil to exclude the air. The results, so far as swelling 
is concerned, were as follows : — 


Seedsinwater 6. 6 ee ee 83 per cent swollen. 
“ “ withoxygen. . . . 86“ “ 
a “  earbonioackl. . 71 


1216. The oxygen absorbed by seeds in germination was 
thought by Schiinbein to undergo the active or ozone modifica~ 
tion. By his experiments the seeds of two plants, Cynara Scoly- 
mus and Scorzonera Hispanica, were shown to possess to a con- 
siderable degree the power of converting atmospheric oxygen 
into ozone. 

1217. Oily seeds absorb a large amount of oxygen. Siewert 
has pointed out the fact that the neutral oil of the rape-seed very 
soon after access of oxygen and water to it possesses an acid 
reaction. Oleic acid can absorb at ordinary temperatures about 
twenty times its volume of oxygen. 

1218, Nutrient matters must become liquid before they can be 
utilized by the embryo. Some of these in the form in which 
they are stored up in seeds are soluble in water; such are the 
sogars, dextrin, and a part of the albumin. The other nutrient 
matters, such as starch, the oils, and most nitrogenous sab- 
stances, must undergo changes before they can enter into solu- 
tion. Some of these changes have already been alluded to in 
Chapter XI., and are here presented in brief review. 

1219. The conversion of starch into soluble matters is effected 
in the seed by means of one or more ** ferments." In the pro- 
cess of malting,’ which consists essentially in forcing germination 
up to the point of protrusion of the radicle and then checking it, 
the starch appears to undergo little change. But if the ground 
malted grains are kept in water of a temperature of 68° C. for 


+ Nobbe: Handbuch der Samenkunde, 1876, pp. 102, 103. 
2 See Watts’s Dictionary of Chemistry, under ** Beer.” 
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EXTREMES OF HEAT AND COLD. 471 


colder climates for the exercise of their normal functions, but 
they will also generally sustain much higher degrees of heat with- 
out injury. The differences of temperature in favor of tropical 
plants are not, however, always very marked. 

‘The following table’ indicates sufficiently the highest tempera- 
tures which a few common plants can bear. The line at the top 
shows what were the immediate surroundings of the plants ex- 
perimented upon; the colamns marked A show the highest 
temperatures short of proving fatal; those marked B, the low- 
est fatal temperatures. The plants were exposed to the high 
temperatures from fifteen to thirty minutes, 





1229. After a plant has been subjected to too high a tempera- 
ture, its foliage wilts and soon becomes dry; and its leaves, 
having once taken on a scorched appearance, are unable to 
recover their turgescence. It may happen, however, that the 
injury does not proceed so far as to affect the latent or even the 
partially developed buds; if this is the case, partial recovery 
takes place through their unfolding. ‘The curious fact* that 
Many alge can resist very high temperatures has been already 
adverted to (see 566). 

1280, Effeots of cold upon the plant. Certain plants are seri- 
ously injured by low temperatures which are considerably above 
the freezing-point of water, but these arc exceptional cases. 
Most northern plants can readily endure cold, provided their 
tissues are not frozen. 

Frost produces very different effects upon different plants. In 
some of our familiar spring plants the leaves may be frozen and 
thawed without apparent mischief, but in general the thawing 
must take place slowly ; if it proceeds rapidly, the plant may be 


1 De Vries: Archives Niéerlandaises, v., 
Higa sos Aeetions Teel of clone el ta, xliv., 1867, p. 152, 
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untoward influence of cold, by careful selection of seed for a 
series of years, has been successfully answered by cultivators in 
some northern countries of Europe.t 

1236. Among the protective adaptations of seedlings to cold 
is that described by De Vries,? who has noted that in certain 
instances there is a marked retraction of the caulicle into the 
ground upon the approach of a lower temperature. The with- 
drawal is due to the contraction of the cellalar tissue composing 
the root. 

1237. Effects of too intense light upon the plant, All other 
conditions being natural, living plants containing chlorophyll can 
perform their functions normally when placed in the brightest 
sunlight." Even when the rays of light are moderately concen- 
trated upon the foliage by a large convex lens there is no seri- 
ous disturbance of function, But when, a8 in Pringsheim’s 
experiments (see 824), the sunlight is rendered very intense, 
assimilation is arrested and destruction of the protoplasm soon 
ensues. 

1288, Effects of improper food upon the plant. It has been 
shown (Chapters VILL. and X.) that certain substances are in- 
dispensable to the healthful growth of plants; and it has further 
been pointed out that most of these substances may be offered to 
the plant in excess with no marked results. It should now be 
noted that a few of these substances, notably nitrogen com- 
pounds, applied in excess may induce a more luxuriant growth 
than is desirable to the cultivator. Penhallow‘ and others have 
pointed out that certain maladies of plants are largely dependent 
opon malnutrition. In such maladies fungi are frequent con- 
comitants, in many cases invading plants already enfeebled by 
improper or insufficient food; in others, obviously causing by 
their presence and activity the diseased conditions. 

1239. Effects of poisons upon the plant. Nowious Gases, The 
most hurtful of these, considered from a practical point of view, 
come as products of the combustion of inferior sorts of coal, 


1 Schiibeler (sce note on page 465). 

For an account of the formation of ice in plants, and the different degrees 
of temperature at which it takes place, consult Miiller: Landwirthsehaftl. 
Tahrbiicber, ix., 1880. 

2 Botanische Zeitung, 1879, p. 649. Haberlandt has also examined thn 
mune mechanism to some extent. 

* It is a familiar fact that many plants thrive best in deeply shaded glens. 
Success in the cultivation of such plants is attained only by regarding their 
‘naturral condition. 

* Houghton Farm Experiment Department, series 3, no. iii. 


— 
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tion primarily affects the cell-contents, and later the ¢ell-wall. 
Tt is very highly probable that in certain cases varions pro- 
ducts of decomposition arising from the progress of the fungi may 
themselves prove poisonous to contiguous parts of the plant. 

One of the most important problems of practical horticultare 
and agriculture is the search for efficient means by which invad- 
ing fungi may be destroyed without at the same time injuring 
the host-plant to which they have attached themselves? 

1245. The presence of certain fungi in plants sometimes gives 
rise to abnormal growths and to various distortions. When once 
their disturbing influence is felt, the subsequent growth may be 
affected for a long time, and the malformations become of an 
extraordinary character. 

1246. Considerable distortions are often produced by bites 
or other injuries by insects.? Galls — for instance those of the 
oak and willow — are among the most noteworthy instances of 
this kind. 

1247. The effects of lightning upon trees have been examined 
by many observers. Cohn* and Colladon* have pointed out 
some of the characteristic injuries sustained by species of poplar, 
elm, and oak, stating that the stroke does not usually affect the 
summit of the first two, but that oaks are frequently strack at 
their uppermost branches. The course of the injury is often 
spiral, winding around the trunk in stripes which involve part of 
the sap-wood and bark. 

It is not now believed that any species of trees are exempt 
from injury from lightning, although the ash was formerly 
thought to possess a remarkable degree of immunity. 

1248. Partial or complete blanching of otherwise healthy leaves 
exposed to light has been regarded by some observers as an indi- 
cation of a diseased condition. In some cases the blanching is 
dependent upon a lack of iron in the soil (see 791), but in others 
it appears to be strictly hereditary, being propagable both by 
bud and by seed. Nothing is known, however, as to its causes 
in these cases, and they are generally referred to the unsatis- 
factory category of sports. 

It is worthy of notice that a considerable proportion of the 
so-called variegated plants, especially of those which have only 


1 For an account of some experiments in this field, see Frank ; Pflanzea- 
krankbeiten, 1879; and Nobbe: Handbach der Samenkunde. 

* For a bibliography of this subject, see Frank's Pitanzenkrenkheiten. 

4 Denksehrift. 4. Schles. Gea f. vaterl. Kult. Breslan, 1853, p. 267. 

© Mém, de Is Soc, de Phys. ot d’ Hist. Nat. de Genbve, 1872, p. 501. 


UNTOWARD INFLUENCES. 


ts intermingled with the green of the leaf, come from 
tia, notably from Japan.* 
say. The lease of life of any given plant is fixed primarily 
the inherited character:? hence we have annaals, biennials, 
oerennials; but these differences are not in all cases abso- 
some they are even ill-defined. The lease of life is 
1 secondarily by external influences, which have been 
evently diseussed in the present volume. In conclusion, 
tion should be called again to the fact (see Chapter V.) 
v in many instances the duration of the life of the plant is 
ermined largely by mechanical factors, especially the strength 
naterials. 





4 Morven: Héndité de la Panachure, 1866, p. 7; Frank ; Pflanzenkrank- 
wen, p. 465, 
+ The student should examine Minot ou “Life and Growth.” 
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‘The numbers following the titles refer to pages. An italicized page-oumber 
indicates that the term which it follows is defined on the page to which it refers. 


asa medium, pl 100; contained in woods, 
chemical, by soils, 243; de- 261; removal of, from specimens, 9. 
‘of rateof, upon temperature, | Air-passages, 100. 

278; of ammonia by 932, H1; | Airplants, See 

of aqueous vapor by leaves, 283; of | Albamen of the seed, 181. 

carbonic acid by plants, 299; of gases | Albunsin, diffusion of 293; of plants, 363, 

by water, 400.1 of liquids through | Albuminoids, 325, ».; formation of, in 

roots, 230; of moisture by soils, 239; tho plant, 235; teste for, 28; transfer 

of during germination, 465 of, 356. 

io Salon iaateare tte le Wp roots, Alburnum. See Sap-Wood. 

‘244; of water by reeds, 498; of water | Alcohol (C,HYO), action of, upon eer- 

during germination, 466; of water tain parasites saprophytes, 294; 

Previous to metastasis, 267; relation action of, upon chlorophyll, 41, 290; 

‘of transpiration to, 279; througl the use of, ax a medium, 5; use of, as a 

Absorption-bands, 272, 203, use of, in preparation of imens for 


‘Acid nitrate of mereury (Hg{NO,),), 14. | certain, at low ae 385; in 
Actinic raysof the spectrum. See Chem- hot springs, 205. 
eal Alkaloids, 327, 385 cannot be utilized 


Active ‘matiers of plants, 44. »; ‘335; effect of, 
eereeeren | ure mi 
Adeoophore (ir, a gland dont, 1| Alun (RsANgSOs} +4 HeO oF SH 
eg ae 
occurrence: 
SSA aae Poe coe sicce ris Amides, occurrence of, 336. 
teplasm of, 197; locomotion of, Amidoplasts (Saver, starch; wader, I 
— plasmedium of, for ex- form), pane proposed by Errera for 
withoat; yéner, absorption of, 
Root Le ie sy dg 
‘Negron, 2,43, oe, 383. Lea 
a 
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Closed bundles, 204, 128. a term applied by 
Coal-tar colors, 18, 39. ee ee 
Cobalt, occurrence of, in plants, 256, 

Cochineal, Cotton, 179. 

‘Cold, effects of, upon plants, 471. Cotton-blue “By” 19. 

Coleorhiza («oes sheath; pfs, root), | Cover-glames, 4, 0 


Croosoting, 142. 
Hiateral bundles, structures of, 204, | Cribriform tissue (cribrwm, sieve; forme, 


i. 
Collenchyma (bias, glue: Ayxvma, an | Cribrose-cella, See Sieve-cells, 
infusion), 64; in roots, 110; strength | Cross-breed, 456. 


of, 191. 
Colloids (eétAs, glue; «tdor, like), 222, trated with tho of 


223, . 
“Colored "" plants, 24. Crown of the root, 163. 
Colors, as nectar guides, 458; of flowers, | Cryptogams, reproduction in, 439, a.; 





178; of woods, 141 Cryaalloide crystal; eldes 
sunity in plants, 425, form), 8 a, 189 : 
paren- | Crystalloide 
chymus in loaf of the, 160, Crystals, composition of plant, 43 for- 
mation of, by Vesque’s 65; 
68. forms of plant, 52; in bast, 89, 147; 
forsee bee ly Cultivated ao of 
Com supply of nitrogen: 
bundles, structare of, 104, a. * 
1. Cuprammonia (' uu. 
‘Concentric rings tn roots of anmesis, 115. | Cupric acetate (Cul! use of, in 
Conductive tissue of the ovary, 432; of examination of 
the style, 431. Cuprie sulphate (CuSO,), 12. 
363. Curvature of 390. 
Coniferin (CHO, + 21,0), 362. Cuticle (cuticula, the skin), 65; solubil~ 
» fertilization in different ity of, 34, m. 
i, 6. Cuticularization, See Cutinization, 
of protoplasin in calls, 214, 6. 


Daman, 23, 380. 
Cork ecambinm. See Darkness, color of plants developed in, 
Cork-cortex cells, 143. 0. ‘288; effect of, upon opening and clos~ 
Cork meristem. : ing of stomata, 270; effect of, upom 
Corpuscles (corpuscelwm, a little bedy), unccaee erennen 2: 
Corrosion: paella Defollation, 163, Gia ia 
Degradation products, 40, 962, 


Fide. 

Cortex (cortez, the bark), in of wood, M4. 
secs agiinrmene tin Liat | Deyn 
lems, 119. 
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‘Hilum (Aifumt, a Httle thing), 48. 
‘Hébnel’s tests for lignin, 10, 14. 
‘Homogeneous 1h 


] 


Intussusce; theory mode 
‘of growth of the cel! (imtus with- 
ing ausceptio, a taking up), 219, 

Toulin of, BL; ve- 
currence of, in plants, 368; tests for, 

Tnverted sugar, 359. 


through le 
Kinetic energy («udw, I move), 807. 
Knot, 164. 
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tare but pot with reference to func~ 
ton. 


substances (membrana, 

a thembtane; zie, to be born), 237, a. 

Mercurie chloride (HgCls), 13; solution 

of, for treatment of protein granules, 
45. 

Mercury, oceurrence of, in. its, 256. 

Merismatio eoerortcthet ad See 


Meristem. 
Meristem (amerde, divisible), 49, 103. 


See Transmatation. 
Mehyl-violet “ BBBBBB," 19. 
Micelle, 212, 257, 393; attractions of, 


stems of, 14. 
Mother cells, of pollen, 171, 379; of ato~ 
mata, 72, 376. 
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Petiole (petiolus, a little foot), paren. 
the, 


Hedi (tvAAstos, Hike leaves), 

Pepe oo ar hay 

Pupllscaithis (¢0ir touts fate pol 
lo) 2 


Pleon (wAéww, fall), 212, 
Flere (wAgouna, that which fills), 205, 
1 


Poisons, effects of, upon plants, 473. 
Polarizing apparatus, 4. 
Pollen (, fine floer), amount of, 


required for descent of the, 432. 


Potassic bichromate (KyCrOx), 14. 
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Revolving matation, 400. 
Rhizogenic cells (d((s, a roet; yerrda, I 
Produce), 110, 

a eee re aie (eal 


Rhizomes (Wee, that which has taken 
rout), structure of, 153. 
jin (Jéber, O80; exdpna, 2004,) 


ms. 
Ripening of fruits and seeds, 460. 
disintegration 


Kotks, of, 237. 

Reot-eap, 106, LUT. 

Koot-hairs, 108; corrosive action of, 
244; distortion of, 231; increase the 
absorbing surface of a root, 231; meth- 
od of obtaining for study, 199; num~ 
ber of, on different plants, 231; office 
of, im absorption, 231; size of, 231; 


Scales, 69. 
Schizogenie development (exit T 
Ce ae ee ee 


Schalon’s vescarnting tyeld, 14, 38, 8. 
Scheie 


infusion), 87. 


anvesthetics 
upon, 424; of leaf-blades, 419; of petl- 
oles, 419; of rea saat stamens, 
424; bbe branches, 417; of 
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‘Tin, occurrence of, in plants, 266. 
“Tissues, 102; classification of, 187; cen- 
ducting power of igneous, 261; eribri- 
form, 91; depth to which light pene- 
trates, 300; hardening of, 9, 12; rela 
‘207; sensitive, 415; 


tension of, 390, 
‘Titanium occurrence of, in plants, 256. 
eee Ace Grabecala, a little 
), 86. 


‘Trachelds, 82; in roots of 108; 
im stems 18; sae of, 148; walla of 
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275; effect of various salts poss 
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‘Works of reference relating to insectiv- | Xanthophyll (ferés, yellow; ¢vAAsw, 
orous plants, 351; relating to micro- | leaf), 290, 201, 297. 
scope manipulation and micro-chem- , Xerophilous plants (Eepés, dry; dds, 
istry, 94; relating to the cell aud its | I love), 280, ». 
modifications, 55; relating to the hie | Xylem (é¥As, wood), 104. 
tology of the organs of vegetation, 165. 
Wounds of plants, healing of, 10. 
Zino, occurrence of, in plants, 255; re- 
lated to changes of form in the plant, 
XAxTHIC FLOWER COLORS (f«76<s, yel- 256. 
low), 454. Zygophytes, reproduction in, 489, ». 


PRACTICAL EXERCISES. 


SUGGESTIONS FOR STUDIES IN HISTOLOGY 
AND PHYSIOLOGY OF PHANOGAMS. 


Tux following hints are designed chiefly to aid students who 
have at thelr command the simpler appliances deseribed in the 
foregoing pages. In addition to the simpler exercises there are 
also suggested a few which are quite within the power of students 
having access to a small chemical laboratory and a small cabinet 
of physical apparatus. The chemical and physical outfits now 
found in many of our high schools will prove ample for the 
successful prosecution of these experiments. 


HISTOLOGICAL PRACTICE, 


Material for study. The supply of material for histology 
should be abundant and of the best quality, all inferior or imper- 
fect specimens being carefully excluded, It (except that dis- 
tinetly referred to as fresh) should be collected at proper seasons 
ond preserved at once in strong alcohol, great care being exer- 
cised to have every specimen accurately labelled ; name, locality, 
time of gathering, etc., being noted. When alcoholic material 
is required for immediate use iu the preparation of sections, it 
can be softened, if necessary, by soaking in pure water, as 
directed in 37. 


Delineation. When a satisfactory section or preparation has 
been secured, the student should make an accurate drawing of 
its essential features. The employment of «a camera Incida (12) 
insures correct proportions in all parts of the sketch, and is 
always to be recommended. Drawings made by its aid are con- 
veniently designated by the following abbreviated term, «d nat. 
del, It may seem scarcely necessary to caution students against 
obscuring any part of their histological sketches by meaningless 
shading ; a few clean and clear outlines suffice to express the 
character of the preparation better than any attempt to give the’ 
eflects of light and shade. There are some exceptions to this’ 
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PARENCHYMA AND VPS MODIFICATIONS. i 
(c) Make a transverse and a vertical section through the 


reagents for the demonstration of cellulose be applied to them, 
as directed in 143. 

It is not superfluous to state (1) that success in the application 
of these and most of the other reagents employed under the 
microscope is generally preceded by many failures, and (2) that 
carelessness in the use of some of the reagents may 
ruin the microscope lenses. 


Selerotic Parenchyma, Excellent material can be obtained 
from the flesh of pears and quinces (see 211 and Fig. 40). 
From the tongh shells of many sorts of nuts and seeds (see 
Fig. 41) good preparations can be made by the method described 
in 495. For the Canada balsam there recommended good 
shellac can be advantageously substituted. 


Collenchyma ceils are well exhibited by cross-sections of the 
stem of any common Labiate, for instance Spearmint, or of the 
stem of almost any of the Umbelliferm (see 216), Apply dilute 
liydroehlorie acid to the sections. 


Wood parenchyma cells are easily obtained by carefal macer- 
ation (70). Dilute solutions of Schulze’s liquid are proferable 
to strong, although much slower in action. Excellent material 
is afforded by most of the oaks and other hard woods (see 254,. 
255). Nearly all possible intermediate forms can be found by 

1 Apply the tests for ‘+ lignin” (154). Use also 
red and blue coal-tar colors. 









TL Evroramat Crus 


Im removed from the npper surface of some 
Serum, the cultivated Cotyledon or 
‘Begonia, ete. 





PARENCHYMA AND I'S MODIFICATIONS. 3 


(¢) Make a transverse and a vertieal section through the 
petiole of any water-lily, or through the soft interior of any rush 
(Juncus). 


(@) When, after considerable practice, the student succeeds 
in making very thin sections of the foregoing plants, let the 
reagents for the demonstration of cellulose be applied to them, 
as (lirected in 143, 

It is not superfluous to state (1) that success in the application 
of these and most of the other reagents employed under the 
solcroscope is generally preceded by many failures, and (2) that 
carelessness in the use of some of the reagents may irreparably 
ruin the microscope lenses. 


Sclerotic Parenchyma, Excellent material can be obtained 
from the flesh of pears and quinces (see 211 and Fig, 40), 

From the tough shells of many sorts of nuts and seeds (see 
Fig. 41) good preparations can be made by the method described 
in 495. For the Canada balsam there recommended good 
shellac can be advantageously substituted. 


Collenchyma cella are well exhibited by cross-sections of the 
stem of any common Labiate, for instance Spearmint, or of the 
stem of almost any of the Umbelliferse (see 216), Apply dilute 
hydrochloric acid to the sections. 


Wood parenchyma cells are easily obtained by carofal macer- 
ation (70). Dilute solutions of Schulze's liquid are preferable 
to strong, although tnuch slower in action, Excellent material 
is afforded by most of the oaks and other hand woods (see 254, 
255). Nearly all possible intermediate forms can be found by 
carefial search. Apply the tests for ‘ lignin” (154), Use also 
upon different specimens red and blue coal-tar colors. 


TE Erroresat Ortzs, 


(@) Examine a film removed from the upper snrface of some 
fleshy leaf; for instance, Sedum, the cultivated Cotyledon or 
Ecoheveria, Parslane, or Begonia, etc. 


(©) Compare the cells of this film with those found on the 
upper surface of a shining petal; ¢. g., that of Buttereap or 


ie 








PARENCBYMA AND I'S MODEPICATIONS. 3 


(¢) Make a transverse and a vertical section through the 
petiole of any water-lily, or through the soft interior of any rush 
(Juncus). 


(d) When, after considerable practice, the student succeeds 
in making very thin sections of the foregoing plants, let the 
reagents for the demonstration of cellulose be applied to them, 
a8 directed in 143. 

It is not superfluous to state (1) that success in the application 
of these and most of the other reagents employed under the 
microscope is generally preceded by many failares, and (2) that 
carelessness in the use of some of the reagents may irreparably 
Tain the microscope lenses. 


Sclerotic Parenchyma, Excellent material can be obtained 
from the flesh of pears and quinces (see 211 and Fig, 40). 

From the tough shells of many sorts of nuts and seeds (see 
Fig. 41) good preparations can be made by the method described 
in 495. For the Canada balsam there recommended good 
shellac can be advantageously substituted. 


Collenchyma cells are well exhibited by cross-sections of the 
stem of any common Labiate, for instance Spearmint, or of the 
stem of almost any of the Umbelliferm (see 216), Apply dilute 
hydrochloric acid to the sections. 


Wood parenchyma cells are easily obtained by carefal macer- 
ation (70). Dilute solutions of Sehulze’s liquid are preferable 
to strong, although iwuch slower in action, Excellent material 
is afforded by most of the oaks and other hard woods (see 254, 
255), Nearly all possible intermediate forms ean be found by 
careful search. Apply the tests for “lignin” (154), Use also 
upon different specimens red and bine coal-tar colors. 


IL Ertoxnmar Cris. 
(@) Examine a film removed from the apper surface of some 


fleshy leaf; for instance, Sedum, the cultivated Cotyledon 
Eooheveria, Parslane, or Begonia, ete. . 


() Compare the celle of this film with those found on the 
Qpper surface of a shining petal; ¢. g., that of Buttercup or 
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PROSENCHYMATIO WOOD-ELEMENTS. 


I. Corx-Crxits. 


For the examination of these cells, the student should begin 
with the soft and close-textured * velvet" cork procurable at 
any apothecary shop. Let the sections be made in at least two 
directions at right angles to each other, and if possible let them 


section excellent illustrations of cork-cells (see pages 74-76) 
and of their development. Test these and similar specimens of 
cork-cells for the presence of cutin or suberin (see 26, 54, 161), 


TV, Prosexonymatic Woon-Euements, 


‘These elements (see pages 78-87) can be studied to best ad- 
vantage after very careful maceration, as directed in 70, Long 
wood-cells, woody fibres, and trachew (or ducts), are easily 
separable from each other by such chemical means, and are 
generally identified with facility. Abundant material for the 
demonstration of trachew: is affortled by the fibro-vascular bundles 





in section of any tissue containing latex-tubes is 
gently heated in a dilute solution of potassic hydrate, or for a 
shorter time in a stronger solution, the parts become so much 
softened that the tubes can be easily separated from the sur- 
rounding tissue, after which they can be floated on to a fresh 
slide exami 


VIIL, Srectan Recerractzs ron Sronerrons. 


‘These are constantly met with in sections of many stems, 
leaves, and fruits. A few examples for study are hero given. 

(@) Crystal-cells, Look for these in the leaves of the Aracen, 

and Chenopodiacer, and in the bark of almost any 
of the ligneous Rosacee (Pomew), where they are especially 
associated with the bast-fibres, 

(0) Resin-cells and resin-reservoirs are fount in the bark of 
many Conifer and Umbellifere, ete., in the leaves of Rutaces, 
Hypericacew, and Myrtacew. 

(© Tannin receptacies are found in very many kinds of bark. 
For the detection of tannin, solutions of potasslc chromate or 
ammonic chromate may be employed, a brown color being 


aes! 








‘PLASTIDS. 9 


after which the effect upon fresh material of potassic hydrate, 
both the concentrated and the dilute solutions, should be care- 
fully watched. In these examinations it will be well to practise 
with the reagents without lifting the cover-glass (see 17 and 20). 


Hi, Curonortasrins. 


Examine the chlorophyll granules (gee page 41) in the fol- 
lowing material : — 

(a) The parenchyma cells of any thick leaves, for instance 
those of Purslane, Begonia, ete., noting in the drawing the rela- 
tive size and abundance of the granules in different cells. 

(0) The epidermis of the same leaves, noting in what cells, if 
any, the granules are found. 

Examine also the green bodies in the leaves of any true moss, 
aml in any filamentous alga, ¢. y., Spirogyra, and the cotyledons 
ie re er oe eee sunflower, maple, 

pine. 
Raise three seedlings of flax and pine, Let one of the seed- 


answer this, examine the base, middle, and summit of the leaf- 


The next three studies can be advantageously deferred until 
after that of starch. 


TIL Leveortastina. 
These bodies (see 174) require for their detection very careful 











CRYSTALS, CARBOHYDRATES, AND O1-GLOBULES, IL 


VU. Crrerats, 
(Oe ena amare etree for instance those 


crystals (see pages 52-55) following are very serviceable: 
petioles of Begonia, scales of onion, leaves of ita, 
Faehsia, and the common ‘* Calla” (Richardia), bark of many 
woody plants. 


If a thin section of the leaf of almost any Araceous plant, for 
instance ‘‘ Calla,” is placed in a little water under the micro- 
scope, it frequently happens that the discharge of acioular 
crystals (raphides), described on page 52, can be seen without 


“Apply to the specimens containing crystals the two eee 
spoken of in the table on page 54, and carefully note resulta. 
Repeat Vesque’s experiment (188). 


VII. Cagnorrpxares pissorven in rite Chtinfar, 

(OI Ms ae diabtedi mee eretpalbemstan 4 
whenever the cells are placed for a time in alcohol or even In 
oe. Its characteristic forms are not likely to be mistaken 

for anything else met with in the tissues, Excellent material iy 
afforded not only by the common Dablia, but by Cichory and 
Dandelion (see Fig. 35). 

() The sugars. Examine a thin section of beet-root by the 
method described in 184. Compare with it a thin section of any 
Fipe fruit. 

1X. Ormee Cau-contents, 

Oit Globules, sometimes of large size, but generally minute, 
are to be looked for in those seeds which do not contain starch 
(compare 511), Examine in these the effect of ether on the par- 


orange or lemon to determine the shape of the receptacles on- 
taining oily matters. 

Resina, ere. ener Salle Seems oe gs 
employing young shoots of Pine. 

Tannin, ete. For the detection of tannin, solutions of iron (see 
Vp 2 brand heater gpapaberb agree ‘more satisfactory 
een eee ammonic dichromate is employed. 

‘Tho color imparted to the cells containing much tannin is brownish 








FIBRO-VASCULAR BUNDLES. 18 


with the figures in Part I. In order to identify some of the 
structural elements composing a bundle, it is sometimes advis- 
able to resort to cautious maceration (see 70), so that the parts 
may be isolated. It has been found advantageous, in a few in- 
stances, to very securely fasten the section under examination to 
thin robber membrane by means of the best ** rabber” cement 
or marine glue, and then subject the membrane and section to- 
gether to the action of the macerating liquid, great care being 
exercised to bave the process gradual. After the maceration is 
complete, the membrane is removed from the liquid, washed, 
and then slowly stretched until the adherent wood-elements are 
somewhat torn apart. It will be observed that by this method 
their former relations need not be greatly disturbed. 

After examining the fibro-vascular bundles in the seedlings 
aboye named, proceed to the study of the bundles in the roots, 
stems, and leaves of two adult herbaceous plants, for instance 
Tndian corn and Bean, in order to ascertain what differences, if 
Any, exist in the composition of the bundles in a given organ at 
different periods of growth. 

It was stated in 309 that the simplest form of a fibro-vascular 
bundle consists of merely a few tracheal cells (or sometimes tra- 
chew) together with some cribrose or sieve cells. The student 
shoald search for trachelds, which may occur disconnected from 
any bundly; as for example in the stems of species of Salicornia 
(a seaside plant of succulent texture), and in the petiole and 
pitchers of Nepenthes. Tracheids occur also, often in a con- 
tinuous layer, as a sheath of the aerial roots of orchids. Sieve- 
tubes may he looked for at a little distance from the bundles in 
the stems of potato and tobacco, where they occur in the periphery 
of the pith, 

Two supplementary studies are strongly advised: (1) of the 
bundles in fri, (2) of those in aquatic phenogams. In the 
former, “ conwitrie” bundles are met with; in the latter, rudi- 
mentary bundles. 


I. Covras oF THE BUNDLES. 


The course of the fibro-vascular bundles can be traced ir some 
eases, especially in young and rather juicy stems, like those of 


amination by a macerating liquid, for instance potassic hydrate, 
after which the coarse can be made out. In most cases the 
course of the bundles can also be made out by series of sections 
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MOVEMENTS OF PROTOPLASM. 19 


For the first stody, the examination of protoplasm, a micro- 
scope magnifying from two hundred to six hundred diameters 
will be required, together with a small outfit of slides and covers ; 
and for the examination of growth a zine box constructed as 
directed in **The Dependence of Growth upon Heat.” 


1, Tue Bemavion or Prorortasm om a Livexc Veorranis Crit. 


For all necessary details a5 to the chemical reactions of proto- 
plasm, see 124 and the exercise on page 8 of this “ Praxis.” 
At present it is proposed to call attention to the various 


‘Movements of Protoplasm. 


(a) Material. The delicate hairs from the young leaves of 
almost any pubescent plant will serve for the demonstration 
of these movements, but the following are recommended on 
account of their abundance and excellence: stamen-hairs of 
Spiderwort , hairs from the young leaves of 
squash and nettle, and from the velvety leaves of many culti- 
vated exotics. 

(6) Preparation of specimens. Remove by needles, forceps, 
or scalpel a very Jittle of the epidermis with its attached hairs, 
and place it at once in a little water on a glass slide. In placing 
the thin glass cover on the specimen be careful to exclude all air- 
bubbles and not to crush the cells. If necessary, put a fragment 
of glass under one edge of the cover, to lighten the pressure on 
the object. If the hairs are suitable for the examination, the 
delicate threads of protoplasm ought to be distinctly seen through 
the cell-walls, and, after a little time, a movement of translucent 
granules should be seen in them. If, after a few moments, no 
movement can be detected, warm the slide a little with the hand 
and again observe. If no movement should now be seen, add 
to the water on the slide a little dilute glycerin; this causes 
slight contraction of the protoplasmic lining of the cell, and 
probably the movement can then be observed in the threads. If 
not, do not waste time over the specimen, but try a fresh one. A 
power of 200 diameters will answer for this work, but one of 500 
is better. 

(c) Questions to be answered by the specimen. If the etudent 
has secured a good preparation, in which the movement of gran- 
ules in the threads can be seen distinctly, he can easily answer 
the following queries: What is the rate of motion of the gran- 
ules at the temperatore of the room? Do the threads remain 
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ASSIMILATION AND GROWTH. 21 
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Select a number of beans (Windsor, Horticultural, Lima, or 
white), of nearly the same size, weigh ten of them, and dry them 
carefully in a water-bath to ascertain the amount of water which 
they contain. ‘Take two other lots of ten each, weigh them 
carefully, plant them on moist blotting-paper or wet sponge, and 
keep them in a warm place until they have sprouted. When 
the beans have fairly started, suspend them over the surface of 
water, with their roots in it, as directed in 669. From this time 
on, keep one set of the seedlings in the light and the other set 
in the dark, being careful in each case that the water is supplied 
in sufficient quantity to make up for all Joss by evaporation, and 
that it is changed every third day. Let all the conditions under 
which the two sets are cultivated be as nearly alike as possil 3, 
with the single exception that light is present in one case aad 
completely absent in the other. In a couple of weeks the two 
sets of seedlings will have become large evough for further 
study: the set grown in the light will be green and thrifty, the 
others may be as large, but they will have a yellow, unbealthy 
appearance. Remove the two sets from the water and 


the seeds. When they do not further lose weight, weigh carefully. 
Compare the weight of the dried seedlings with the weight a 
the dried seeds. 
Il. Tax Carey Coxprrions oF Assicriation. 
In the examination of these, repeat with great care the exper 
ments detailed on page 305. 
IV. Tax Derenpexce or Growrn vrox Heat. 


This may be shown in the following manner: Take 
tin or zine about 6 to 6 inches in width and 24 inches 
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hold a sheet of glass which will form the fourth side of 
narrower by two inches at the bottom than at the top; that 
the glass side will not be vertical, but inclined. Cut out 
of wire-gauze of the right size for the bottom, and either 
or rivet it in place. Fill this box with well-moistened sawdust. 
Plant a row of six or eight large Windsor beans in regular order 


ff 


ft 






































For this stady, repeat the observations of Darwin a they 


are given in his work on Cross and Self Fertilization ; or if thet 
is not at hand, as they are briefly stated in the abstract in the 
present volume, pages 448-450. 
XXIL Hyranome 
With the precautions given on page 456 the stadent should 
be able to undertake in hybridising species of the 
following common geners, all of which lend themeelves readily 


to this process :: Nicotians, Verbasoum, Lilium, etc. Be. care- 
fal to exclude foreign pollen in all cases. 


XXIIL Tas Rirsence op Favrrs axp Sexe. 


Good material for this stady is afforded by the following 
plants: Solanum, Impatiens, Pyrus, Prunus, and Tecoma. 


XXIV. Germrxation. 


Select sound seeds of some common plant, for instance beans 
or Indian corn, and test with them the truth of the following 
statements: (1) Water is essential to germination. (2) Germi- 
nation cannot begin without access of free oxygen. (3) Seeds 
of the plants selected require the same temperature for the be- 
ginning of germination. (4) When the process of germination 
has once begun, light is necessary to any increase of the plant in 
dry substance (compare experiment Series 1, No. II.). (5) Car- 
bonic acid is constantly given off during germination. (6) In 
some cases carbonic acid will continue to be evolved even when 
no more oxygen is supplied (compare intramolecular respira- 
tion). (7) The temperature of germinating seeds is higher than 
that of the surrounding atmosphere (compare respiration). 

What is the optimum amount of water required for the speedy 
germination of the following seeds, — Windsor beans, peas, 
clover, squash, and sunflower? 


EFFECTS OF FROST. 85 


What is the optimum amount of oxygen required? 
What is the optimum temperature required? 
Compare the precocity of unripe and ripe seeds of any plant. 


XXV. Evrecrs or Frost. 


Wrap up a leaf of Begonia in thin rubber-cloth, to protect it 
from moisture, and place it in a freezing mixture of powdered 
ice and salt. After an hour examine the tissues of the leaf with 
special reference to any mechanical injury which they may have 
sustained. Having completed this preliminary study, proceed 
to the examination of any well-developed seedlings, and note in 
every case (1) the effect produced upon the parts which have 
been quickly thawed; (2) the effect where thawing fas been 
allowed to go on very slowly. 

Freeze any strong seedlings and after a time thaw them 
slowly. Place them then under favorable conditions for growth, 
in order to ascertain whether their vitality has been destroyed. 
In cases where death of the part or plant ensues, does it appear 
to come from the freezing or from the thawing? 
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